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m t thereby incurs no responsibility, ner any ob. hgation

y61; and the fact that the Government may have formulated,
ar in any way supp;ie@ the said drawings, specifications i
%\%ﬂ?ﬂe " fzia is not to be rezarded by implication or otherwise as |
%‘W m;si\er ﬂcenxsing the holder or any other person or corpora-

' 1? conveying any rights or permission to manufacture, use or
Ny pr @?ﬁted invention that may ir any way be related thereto.”
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| Fige ) - Surface Chart, 18 July 1935, 1500 GMT, 3

| Pige 2 == Surface Chart, U August 1931, 1300 GMT, Blocking of the . i
1 Hid-Atlantic trough is primarily due %o the large emplitude ~ l
| end north-south orientation of the igotaric pattern over the T
|- eastern Atlantic, ‘"
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raem - g
~= Surfene Chart, 7 August 1931, 1300 Gd%. The depression,

.. : previcusly located in the Central Atlantic, has graduslly ?

' : drifted northwestward and weakened on 5 and 6 August, :
: fregently it has become exiinct &t the aspproach of a new l
I

gow

e

_ frontal system from the United Statea, as the twe Atlantic
|+ 3 highs merged.
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Fig. Surfece Chart, & September, 1924, 1300 GMT,
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Surface Chart, 9 Septemver 1924, 130C¢ GMT, Note how east-
e ward gdvance of Azores high severf£s the conneciion between
e the tropical and extratropical portiong of the East Atlantic :
2 “rough. 4&s a result, the easteriies deepen in the tropics, ’ \

and the tropical part of the trough starts moving westward. ¥
ES: Figs b ~= ¥Wind distribution about a wave in the easterlies.

. Fige T =~ Area uged for determination of zonsl index of the eagtw i
|- erlieg for forecasting malntenance,

Pig, 8 == Iilustrating portion along wave in the easterlieg where g
|;,:¢< ’ low center i1g most likely toc form, :

by 18010 =~ Burface Chart, 5 August 1936, 1300 GMT,

Flg,11 —= Area uged Tor dstermination of zonal index of the easterlies

e - Fige 9 == Surface Ohart, 11 August 1936, 1300 GMT, i1
for forecasting termination,
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INTROTUCTION

1., Scops wad Yurnese of Repert,
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Until quite recenily, weather ansiysis in the tsopice remained
ai#o5% wholly negiccted, Ixcept on the exdiees ¢? hurricenes, only
a fevy reports concerning tropical synoptic aysiems have sppesred,
- aad nearly all of these sre of very recent date. The following is a

liat of published pspers desling directly with the gubject of waves

Wy . T
LAl S S

N 5 in the eagteriiss

Bonnet, Carlos = "Notes on Waves in ths Eaaterlics®, 9th
Yeather Region ?ore_qg_gefg Information File, 31 May 19ul,

Dunn, Gordon E. = "Oyclogenesgis in the Tropical Atlantic®,
Bulletin of the American Heteeroloécal Society, Voi. m.

. June 19 .
A Segoia, He = mczmvm ikung#n und Torredos an der Fesvxuwte
vor Afrika®, Annalen der Hydrographis, Vol. &k, 1936.

Biehl, H, = Vra; in the Easterlies and tho Polar ?ron in

the Propicg, Miscellaneous Roport ¥o. 1 17, Dapa:tmt of
Meteorology, Univ. of Chicagc, January 1945,
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In additien, it should »s mentioned that a deacription of the
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,‘4 vaves ia contained in a recent trairing zanual on:"t'ropical HBetooro-
A logy of the U, s.A&mZﬁd the new Handbook of Neteorologr, INMEN .47l
N ks Bevey, Bolizy and Bears (Mcbraw-#ill,1945)

- m Bsversl reports of Rev, Chag, B, Depperaenn, Ageiztsns

:: ) Diractor. Philippine Weather Bureau, also hawe a besrins on the
sublect a5 do curtain parts ef the literature on tropical stoime.

ey The papers cited above have of course not been abdle to treat

all phaseg of the gubject exhnustively. Dunn, who may be dege

crited as the firgt writer on salisbaric gystoms zhort sf hurricanss

< moving Irom east to west in the wegtern Atlantic, wes interested
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primarily in hﬁrri@ane forecasting and dealt with the wavesy beosusze
pany hurricanes of the wogtern Atlantic are derived from these aye-
temg, ~=iehl's studies at the Institute of TIropicai Meteorology,
Uniwersity of Chicage, are the first attempt to describe the structure
o+ the waves. In the initial portivms of his work Le was concerned
to a censiderable dsgree with the »roblemg presented by the analysis
of ths waves. Thia cmphasgla wes reasonabie in wiew of the fzct that
the entire gsubject was so uncertain until recsntly that masy zcteoroe
logiste romained long unconvianced that the waves actuslly exiate

A logicsl continunation ¢f the preceding studies callg for twe
dietinct phasea of investigationt

&) An sttemmt smat be mads to seccertaiz fo what extent the
carrent theoriss of structurs, digplotewant, and weather distributien
are verified in practice, Theory, for example, ceiis for & defirite
pattern of wegther dfgtribution about & steedy state wave, Fore-
casterg howover have obzerved that at times there are certain de-
parturee. A statistical study of a large number of wsaves should
bring out the characterintics of different typez of weves and furnish
& picture both of aversge conditions and of deviations froa such aa
AVETHEO e

b) The preblem of orign, maintensnce, iniensification, and
disnipatioa =mast be further inwvest: .. -.. Their solution would be
of great forecaéting glgnificancs, and alsc afferd a more complete

uudsystanding of the nature of the wvaves,
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The report deaiec wiin the problems mainly in a synoptic end
statistical manner, Thig dose not wean there are no thecraticel
dsam presonted, bub caly that they are presented in synoptic temms
ard by refevence in syzmoptic patierne, ¥Nor docs it mean that thers
i no proof or verification of these ideas except hy illustrative
exmples, Pus orly thet procy ls statisticel rather than dynsaic or
physical; Although the report is baaed mainly on deta of the western
tiantic, moat of the ideas presenied should aleo apply to sl1l other

areas, whisr2 waweg in the sasteriles ars feund,

2. Haoterial end Eammpleg Used.

Tne dats for this atudy were obtaired from the gurface and uppar
aly data for June to Cctobver. 154U as enllected and Aigseminated by
the AAF Veather Servioe in the Caribbean and from the higiorical woee
ther meme published by the United Stimtes Weathsr Bureau, |

The sixteen girongest waves that could de found in the period
JunewOctober, 1944 wexe gelccted for study in dztail.l Thess waves
wore gufficiently intenge, so that their positions could be iscated

on esch map with reagsnablis ceriainty and accuracy. Othsr seaker

PUERAY

lmmir dates are ag foilowet= 28 Jun-l Jtu. =10 Jul, S-13 Jul,
9-46 Jul, 15«17 Jul, 2429 Jul, 26 Jul-3 kug, 31 Jui-2 Aug, 13-22 Aug,
;m-r- 45g, i=10 Sep, 1i3~21 Sep, 17=27 S2p, 5=9 Oc%, 13=15 Oct, 16-20
%
er certalr additionsl puz'pomea. mpinly in the atvdy of diseinasie*
six sdditional waves were sslscted, namely 22-26 Jun, iei Aug.h-s Aug,
10-15 Ang, 26=29 hug, 23-?6 Oct,
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wizves wors ignored, noet cnly becauee probsdiy they wers not imporiunt
weabther producers, but slso because of the difflcuily of finding thesm,
verifying their positionsn, and iracing their movement with gocd cone
tinuity.

On the northeran hemisphere surface charte, the monthg of July-
September, 1924-1938, vwere examined., Certain obstacles were im-
mediately apparent, I0C MEDS &TC 0L & TOTy Smedi HFCELS]

" apotted are not complete synopiic modele; there ig only one mep
(13002) for each day, which hinders the contiruity., Finally, no
appe> alr data at all wers available at the time of the siuvdy,
O gccount of these obstacles, ¢aly the strosgest waves ecsuld be
ugsd, neny of which developed a closed sirculiation st some atage,

|~ Y
SERg five of these pronounced waves were selscted, an aversge of

2

A
59 & month,
It 1s felt that the difficulties mentioned above are more
thar compengated for hy the presence of the great number of Atlantic
% —ﬂip reports, whose gurf -é winds sheuld be much mors representatiwve
than shose of land stations, as wdll as daily reporte Irom Europe,
Africe, Iscelend, Greenland, Bermuda, the Cape Verde Isiande, Madsira,

the Azores, and the Csaory lzlands, The availability of thege data

zmu- datos in the Western Atlantic and Caritbeant- 12-i% Aug
1924, 17=25 Aug 1924, 27 Aug-3 Sep 197U, 5-1k Sep 1324, 1117 Sep
1924, 10-18 Sep 1925, 22-26 Jul 1926, =9 Aug 1926, 12-18 dug 1926,
1725 Aug 1926, 20-2Y% Aug 1927, T=l% Aug 1928, 1i-17 Sep 1928, i3~
5 bug 1529, T-26 Sep 1929, 16-2Lt Jul 1930, 3-12 Aug 1930, 22-27

L
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peraita a much more accursie atleatic surface analyels thza could
pPoagibly be made from current wer-time maps ovan with the aid of
vpper alir data, For the chﬂftorc on origin, malntenance, intonsi-
Tiecation, and dizeipation, the iLtlantic materinl is considored ese
gential: and irn these chapters the conclusions zxc assd mainly on
the higtorical maops,

2 {eont,)

Aug 1930, 31 Aug-7 Sep 1930, 3-12 Jul 1931, 9~18 Ang 1931,
29 dug~9 Sep 1931, 9-15 Sep 1931, 2431 Aug 1932, 28 Aug-9 Sev 1932,
23 8ep~J Oct 1932, 13=22 Jul 1933, 24 Jul-5 Aag 1933, 12-2% Aug 1933,
17-23 dug 1933, 815 Sep 1933, 20-26 Aug 1934, 9-15 Sep 193, 16-22
Sep 1534, 16-23 Mug 1935, 25 Aug-¥ Sep 1935, 20-29 Sep 1935, 23-3 Jul
1936, 10-1€ Sep 135, 15-22 Sep 1936, 23-31 Aug 1937, 21 Sep-3 Ost 1937,
9-1Y4 dug 1938, 1i6~20 Sep 1938. HNumsrous other wavss slss wers found
which were occasionally uvsel for verification purposes, though they
wors eithor tno weak ar thair pesifisng zad uovemeat Voo unceriaia to

b8 inciuded ia the ligt,




lg’

CHAFTER X

OBIGIN
A kmowliedge of ths proomss of formation of wavae in the easi-

erileg is nsceoasary for an undersianding of their nature, Also oans

awantnsl star in long rangs foreeasting of thezs waveas must he tla

though it is oy no mecns guggeeted that theze eanstitute the only

ways in vaich wveves may deovelops

&, Formaticn in ths deep wndisturbied easterlise on the
equatorial periphery oi the subtroplical highe,

b) Trensformation =ad retrogressien of & stagnating extra~
tropical trough.

e) Baiseion from an axtratropical trouzh as a ssparate
entity.

4) Formation on the equatorial froat,

i. Yorpotion ip Undistusrbed Basterly Flow
Scmoe moteorologists have enzgested that a deep eastsrly cun-

rent in itself pay cense the for;zxation ¢f waves, It 1a obsorved
that wavee do occur when the Lrades are strongeat amd in the ges-
gson when they are generally prevalent over a wide latitudinel bvelit,
In order to mecertain whether thie means thet the dsep casteriies

can actually deveiop waves without the nocsgsity of =24diticnal
7z
o
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factors, 1330 bistorical maps wers examined %o find periands of ui
least threc days when a sabstantial high pergisted over western
Burope Joining tne main asesnic high (Mg, 1). In such a situation
no Rorth Atlantic trough can extend invo the tropics nmear Africa
or over the central Atlantic,

Tsn ide=) cases with strong, undisturdsd easterly flow wsre
fevnd, =mestly im July, whon the scesanic high is most i‘.J:xtense.:!L
The Caribbean area was then examined five to tem days later for
evidance of digturbances. and in not one of thege ton instanses
wsre there any signs of & wave,

The above custs, aus well aa the lack of a logiesal explanation
of the hypoihwesis, point very eirorgly to the conciusien that deap

eagtsrlies in thomgelveg are not enfficient to form waves and ixn-

dicate that ovielde influenceg are essentiasl for their generation.

2., Development from sn Sxtratropicsl Trough,
Yhat then isg necessary in addition to the exigtence 9f the

easterlias themselives for the formation of wavea? One logical ex-
planaiion would appesr to be that these waves have as their source
temperate iatituds troughs that extend far into the tropics, This

is not to say that they are soparate phenomsne which smerge from

guch trounghs, bdut rather that they represent = later gtage in the
svolution of wavss in the polar westerllies. Undsr certain conditions,

the latter stagnate and their tropical extenglons eventuszlly begin %o

2
Examploa of such periods ‘ars 15-20 Aug 1925, 19-24% Jul 1928,
2528 Jul 1929, 30 Jun-d Jul 1934, and 11-18 Jul 1935.

ewl
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movs wegtward in {hs %tropical current.

Such a developsient is most likely tc occcur, 4f & wave trough
in ihs westerlies stagnates for a considerable period of tims be=
einee the trauiformaiion intv & wave iu tha sastarliea coupled wiih
retrogression is csriainly not iretantancous., The eeguense &f svents
eseningly nicegsary for wch an evolution is discugaad bsliow,

a) Stagnation of troughg: The projecilon of a temperate latitnde

*sugh of ths middle troposphere into the tropica comeonly ie as-
pocisted with the oceurrencs of an extratropicsl low farther morth.
Az long as this tssuzh percisis with gufficlient strength between two
subtropical hiibs, & trouvegh in the easterlies is fourd south of the
surface axis of the highs. This trough represents a reflection of the
upper trough in the westeriies in tho absence of sny compensating ef-
i’ecw‘; in the lgyer undernezath,

The wave troughs in the westerliee move easiwarid across the
gesan, waen ths high to their sast dlissipates or retreais castward,
They wiil slow dowa, ho:.oever, or thsy may ue checkted altogether if &
sirong subiropicsl high bYiocks thelyr advence 2ond jges not give way.
In sddition, the 2zviwarl wovemeat is halted occasionselily by stsg

aavion of the extrati*opical low iteelf, This occurs mainly, if &

rnie theory srevicusly has been meniioned by Duan {3} and
Biehl (6), Rieh) exprssses doubt, howsver, that polar troughe
account for ¢he Lormation of all wavwes, since such troughs ssldom
extend deep inte the tropice in summer, the privcipal wave season,

8
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deop, occluded-system is involved; and the trough that extends south~
ward then will tend to be very intenge contalining a predominantly
north-souvh flow,

D) Bigection of tronghs In order o esiabiish a situstion favor-
able for westward motion of the trough in the lower labtitudes, &
separation from the pareni iow is necessary. This sSparation o=
sults through bissction of the trough that extends from the polar
zone into vhe tropics and msy occur fin two ways:

Firgt, the exiratropical low, steared by the eubtrepical high,
mey msve %o the northvast of the high. 1In this eveut the vesterly
trough in higher latitudes, moving itocwaxrld the eagt, becomes detached
fro 1ts tropicsl extension, whizshk iz blocked by the high to its
northeast and hence stagnat«as.3 Simuitaneously, tho high west of
the low will veni to merge with the subtropical high to the saunt
{?igs. 2,3} This @srger pay be csused by the eastward sdvance of
the western high, by the southweatwerd movement of the wabtroplcal
high. ox b7 both, Nvidemes indicates that the sonthwestward movee
ment of the gubtropicel high, often associatsd with ianteneificetion,
takss vrlace most frequently,

Thia merger of the highs brings on strenghtening of the trades,
Likewigze the movement of the parexit low eagtward froz the ares re-
gtores and despens the upper-level 2zsterlies, These factors ars

the motivating forces which initiate wostward movement of the re-

k!
“ ef, also Rienl ( £)
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sl fiscted trougde As the subtropical high continuss shifting westward,
it assures the maintenance of the pregsure and flovw pattern nocessery
for westwasrd movemant of viipy we may now call the wave in the easierlisga,
Sec-ndly, sn eastward adrance cf = gubiropicael high may congtitute
w7 the motivating force that prodacee the bdisection of the polar trough.

= This situation is aptly shown in the case of lows which deepen near the

Enxglich cosat and move zlowly rorthward, northesstward or sven north-

- wostward, Hero we find a desp trough situated east of the Azores high,
Y . 4 .
. g Ag the pavent low moves northward, thz hizh protrudeg sastward through

the trough in the mabtropice and instilutes a strorg trade currext
acrois the southern part of the tracsh, This iype of diasction is

often accomplishad very rapidly ard the high gppsars te suddonly en-

compass the trough with iis circulation, (Figs. L=5),
o 2) Evigence: Ths proposed thesry of origin of wavea in the

= easterlies from extratropical troughs does not preguppose any fized
&1 , source rezion, Pregunsbly waves mey originste durisg =ny season ad
pra P
% @ _ eny place wher2 the gituation is favorahle for the unfolding of one of
the sequsnces Juat deascribed, EHowsver, strong waveg seldem originave
= it the westorn Atlantic or in ihoe Caribbeen: and indeed no good sz~
e
=%
Z’:r amples of formation in those regicns were found on the 19222 higtorical
Py {
s 1 e naps. Thus the csntrel and ezsterz Atlantic romain ae the nrincipal
e b e en i
. o reglone 3£ the North Atlantic for wave generation.
;_‘:‘l‘xt"."
B o
ey W
i %ﬁ 3
i | S ¥aves mey slsc form in the weatern part of Central Afriecs or ewen
e § o farther east, and move westward inte the Atlanmtic,
v Piosiz,
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To teat the thoozy, the N5 waves ae‘:Lectec\ from the hisgtericel
Eaps were extrgpolsied back ancross the Atlautic to the African coast
from the poziiion vhere they wers first definitely located,; occsasion-
ally as for sast as 30°¥, Long, Yor the extrapolation, the average
daily displacsment in the Caridbbesn was used, All intervening maps
vere ther iaspected for trounghe %o the north wilch mighy give a clue
5 Tegarding the genesis of the waves, Later the ;ﬁmwu wasg reversed,
' and the mapy were examined for the presence of intense exiratropical
‘ g troughs, When guch conditions were found, %the next sight or ten
meng vere inspscted to see if a waws entered the Caribdbean duving
that interval, whosoe origin might e attributed to theme The resulis
of thess gtudies are gliven separately delow,

Baatern Atlentie: Ths northeastern Atleatic. where the ss=i-
permsnent Icelandic low i3 lecated, has long been known as a region
e of zvea% cyclonic activity, Extratropicel iowe entering this region

F]

from the weai Frequenily decelerate in the arez betweon Englend and

R AR

-~ Ieeland, Wormally the upper trouch sssociated with such a low doces
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not extand fer equatorward in the mid-Atismtic, As scon as the low

slows down and deepens after passing the centsr of the oceanic high
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S tc the south, however, the trough vegins to penetrate into the tropics.
B This is the phencmenon known as the *induced trough.? Its occurrence

 E jndicates that the extreme eastern Atlantic is favorable source region

wee (i for waves in the easterlies, but the significence of eack individuel

F o trough tenda %o he minimised dus to the frequency of this situation.
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Forty of the Y45 waves appecred to be of African or East Atlantic
origin and could be extrspolated vack into thise avea: In the case of
all but six of these, a trough in the westerli:s extended from westem
Burope intc the tropicaz nsar the African coast about the time when
formation should have taken placs. This, however, was not as useful

a criterion as 1t might at first appear, since =

¢ ]

andsm gampling of
2ll the maps without ra>farence to waves iz the eagterlies showed that
a trough existed ie thig area nearly half the %ime,

The next step then, was to examine the characteristics of the
polar troughs themselves, chiefly as to intenslty and gpeed. Ounly
the more intenss iroughs could ve expected tc extend far enough ints
the tropics te gonerante any tropical disturbance; whiie fagt-moving
or accelerating troughs werc seldom deep enougn or extended suf-
ficiently far southwerd, Consequently, it was assumed that ouly
troughs connected with deep ox siow-moving lowe would be sulitabls
for wave formation.

Application of this eriterion yielded enccuragzing resultas,

The stetisticel centrsl preasure of the Ieslandic low is shoud
1008 ab in July and 995 b in Januery, On the meps that correspond

vo the time when the waveg in the easterlies ghould have formede=

@ Y oneman 2 V.. D
. AUWSL A3 Ll

Aal11 mimmHie man
iy DI ﬂ“g

cf the 32 cases in which measuremsnte could bve mede and 1000 wb or

lower in 25 outl of the 32 sxamplies. In only two ¢f the 32 cases
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was the ceniral pressure over 10065 mb, In the ealeulations, care g
]
wes talsn t¢ exclude situations in whish the Iceisadic low was fav %
north of its msan position with 21 arm 0f the Azores high aver “%
= Furope to the ssuib of the low, In thece cszes any great egouthward !
o extenuion of the upper trough was blocked, regardless of depth snd 5
" degree of stagnation of the psrent low,
"2 The same test was $hen applied on a negative lasis as Sollowss i
From the 1380 maps, the despegt icelandic lows were taken, defined E
? ss 985 mb or lower at centsr and also all the slowest-moving lows
defined es perpisting three or more days vith 50 sgpparent motioxn
of more then two dsgrees iate Many of these ilows had doth character-
r istics since nosmally desp lows move rather glowly., Whenever guch
P conditiong were found, the maps from five to ten daye later wers
: next ipspected ic determine wnetiner or not & wave arrived in the l
F ,
5 wegtern Atiantic ox Caribbeen whose origln could be aiiriduted to
& the trough associated vith the low, Iz the case of deep lows, such
L g’ wavos appeared in 23 out of 29 cases,” and in the case of slow-moving i
- 6
or stationary lowa, weves. appeared in fifteen out of eighteen cases. 5
This is rather strong statistical eviderce in support of the theory, :
i
5 i
Exsmples we 1-18 Sep 1925, 17-27 Sep 1927, 2-16 Aug 1530, &
14~70 Sep 1933, and 12:27 Sep 1935.
6
Exemples are 6~15 Sep 1924, 1-18 Sep 1925, 25 hug~10 Sep
1925, 2=-16 Aug 1930, and 12-27 Sep 1935,
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Pigurens 4 and 5 {llustrate the formation of a wave in the eastern

Atlantic,
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Central Atlaniict Veves in the easteriles mayr form in midest-
lantic frow a trough the* i3 blocked by a strong Asorez kigh, In
order to determine if waves developed from such troughs, the U5 hig-
toricel waves were agsin sxtrspolated back through the Atlantic

uaing the rate of movement firet observsd in the Cariddesan, In

fully half of

(1A

he Cascs thoere was at lomst one polar trough in the
Central or ¥West-Uontral Atlanbic past which the wave must have moved
if i1t hed formed in the eastern Atlantic, In & few cases thers were
two such trougns. Most of them appeared in late Awgust or in September,
since in July and early August the cceanic high was predominantly
oirgle celled and too extensive to permit penetration of a trough
in mié-oceen, _

In many instaenceg it was doubtful whether £ wave formed from

the mid-Atlantis trough or started farther east moving past the

(i

trough in ite vestwsrd course. In some gitustions, however, the

evidence wat conclusive that the origin i1tself took place in mide

i Atlantic, particularly vhen there wss = noticeshls lack of troughs
Iﬁ-’
P in the egstern Atlemtic, In those instances, the mid-Atiantic
1 trough wes initielly flenked by two distizct emticyclones which
o
N L eventuslly merged. Thig merger indicated tisectieon of the trough
. b
P | Bt . =
e ) fn end indeed waves appoared in the Lesser hntilles after the proper
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psriod.i (compare Pigs. 2,3). Careful analysis indicated that there
was 50 possivility that these waves may have formad between the Central
Atlantiz trough and the Lasser Antilles before the merger of the highs

was accompliisghed,

3e aion froz aa Extratropical
Another possible method of formation, closely related to that

Gst meniionsd, aleo involves the poler trough. The substence of this
Iypochegie 1s that waves form along the trough, but move westward from
it ag sepernte entitieg wisilie the parent trougn reiging its identil y.g
The waves are congidsred to be primarily derived thirough impulges from
ths aigher latitudea. The eguatorward parts of small trovghe in ths
wogterlies that approach the stagoant Ltroad asals t?aughu from the weet
in the higher latitudes, are cerried first southward e.nd later south-
wvestward and woctward in the broad current wsst of the stasnant trough,
and thug eventually emerge as waves in the eassterlies,

The hypothesis waag tested throagh exemination of peziods when a
dsep Lrough ctegnsted inm the mid-Atlantic for severel days. Iz nono

of thepe cages did & wave in the easiorlieg @pe-.a.r in the Caribbean

bafore the trough diesipated, dbegen moving castward,; or receded westwsrd.g

1
J.‘axamples are i~§ Ang 1931, 310 Sep 1929, 5=12 Sep 1933, and
19-20 Aug 1935,

gRiehl (6) spperently considers this hypothesis plousibie when
he shye "There is some reeason to believe that, wherever a trough of
great latitudinal extent remalns n2arly atationary for severzl days,
wavee originate in the eagterlies in the region of the squatorward parts
of thias trough and are carried westward.® He furthes expands on the
hypothesis in & more recent ropert (8).

exemples of auch periode are 17-23 Jul 1933, %7 Sep 1933,
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This wuld appear to be conclusive evidencs thai polar troughe deo
aot emit waves while they meintain their ijentity as separate and
dilatinet troughe in ¢the tropics.s The comclusion is thal whonsver
& deap and stagnsnt trough lies 5f£f the Leawsr Antilles or i the
mid~dtlantic, a forecasicr can confidently state that, ec loag as
the trouvgh remaing stationary. no wave will move into the area to

the west,

5 4, Tormation on Equatoriel Front
a) Theory: Much haz bosn written on the possibility that sowe.

“if not &il, tropical storms form on the equstorial trough, Yhate
ever has beén sald on this gubject might ala apply Yo waves in the {
easteriies, as long as it is compatible with__the récnirexent that
the zone of convergence lie along a line raiher than in a circlea
No theory of development of a disturbance frowm ihe mers oxpansion
and intengificaticn of & singlz thundercloud or local center of

convection could account for the weves, Likewise no theory of

U

an occluded or triple point low couwld explein them, nor any theory
of an open frontal wave with & ciosed ciremlation about it. A more
2 promiaing poasibility ariseg in situations where a stagasnt polar

agn liles to the voFth of the ejquatoriaml ifront., At such a tinme

e the front moves farthest north and the combined action of the trough

by | S
e 18-22 Aug 1935, 24 Sep-l Oct 194N, and 8-13 Oct 19ik,

N 16
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Thig wonld eppear to Y& conclusive ovidence that polar troughs do
not emit waveés is thoy maldntaln thair identity a3 gepearate and

digtinct iroughs in the tropics. The conclusion 14 that whenever
e doop and stegnmant trough iles off tke Legaer Antillce or in the
nid-Atlantic, a forecasztsr can confidently state that, »0 long as
the trough remains stationary, no weve will move into ‘ths area to
the wesi, E

, 4, Formation on Equatorial Front
8) Theory: Kuch has been written on the possibility that some,
if not all, iropical storms form on the squstorial trough. VWhat-

ever nss been sald on this subject might alen apply to waves in the

/.

esgterlies, as long as it 1s coapatible with the requirement that
the zone of convergence lie slong a line rather them in 8 giirc}.e. . g
Yo theory sf development of a ddsturbance from the mere expansion
and 15“5en=ii"icaiion of a single thundercloud or ivcal center of
convection could account far'the waves. Likewise no thecry of

an occluded or triple point low could explain them, nor say theory
of an oper froutal weve with a closed circmlatisn sbout it., A more
promising poesibility ariges in situastions where a stagnant noler
trovgn iieg o the uodrih of ke egquatorial iront, At guch a vine

the front moveg farthest north mud the combined action of the trougk

3 (cont.) .
1822 Aug 1935, &4 Sep=% Oct ig4l, snd 8-13 Cet 19hk,
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and the front m&y generate & wave in the epstarijes,

L) Evidencei The oastward extrapolstion of the waves back to the
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afrisan ceast indicate that whonever waves wers ia that zrea the squatss-
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ial trough--or the porthern limit of winds with a woutk
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often arpeasred % be located Zarther o the north tham usual. To
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teat thisg, the Augus: and September msps for six years were checked

45 #ee if eny surface winds sorth of iatitude 15°% in Africa.the Cape

A ax a1 Al

Yerdes or ships thereabouis nad & wind with o southerly component

"

(snywhere Irom eastsoutheact tc west) 910 At lcast czs such wind oc=

ERLETE LA PO

curred on U5 maps, l.e. 12£ of the time, Next 27 tropical dis-

turbances entering the Caritbean from the essgt hotween 192l snd

-
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1938 wh!.eh sppesrsd ic have formsd in the eastcrn Atlantic were %
extrapoizied back to Africa. At the tims when theas wave ghould i
have beea in the Caps Verde area, if at all, eouthsriy winds ote Eg

" curred thess in the case of eleven of the 27 atormss % |
Fext this process ves reverssd by taking all the days when :

w

"south wvinds occurred in the Cepe Verde region ia order to dstermine

how freGuently a wave cr hurrizane entered the Caribbsan five to

]
S
I3

{
f’h
-

[w)

tor¥. In the twelve monihs iss5%ad there wers 26 periods
cf one or wors deys ir which south winds ocenrred, Twelve timeg

6aly did a wave or storm snter the Caribbesr fiwe to nine dsys

In summer, winds with & south component in that region may -
efien be teken ag an indication that the equatorial trough ig to
the north,
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¢} Conciusions The forsgning does not imply thet in eash cese
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when the winds had & seithssly componsa

caused the south wini or formed the wave, It msy bde that the wave

had already formed and the mouth wind only demonsirated thst the wave
wag west of the gtation and gtrong énough to change the uguai north or
northeast wind into a scutherly one, But whethsr the arca of and jugt
north of the equatorisl troush is the source, the gource regiom, or

neither, the significant fact ramains that this ie the area vhich

ghould fizat be sxaained. and the area where mest often evidemce of
a weve will first apmpear, If & wave can be gc found, the inability
to forocast its actual gonegls ia not & great detriment ta the fore-

negter,

Thas, it is not suggested thet the Teps Verde and Hquatorial
Africa wind saalysis be useld to verify the origin or even the sourcs
a _ region of the wave, 'wt only to identify the existenca af the wave

at an sarly stege vhen it is still in the easterz Atiantie. Then

bty proper proguosticaticn of its movement, its crrivel ia the Carib-

bean or Gaiana arvea may be forecast from four t¢ ton dsye iz alvsnce,

Pinally it ghould bve esmiioned that ths correlstion shoun ekbove was

not astiafactory enouveh to recozmerd the uge of any strict fore~

11
Bxsmples are the maps for 13-21 Aug 1927, 6~12 Sep 1928,

1530 Aug 1932, LT=3i Aug 1935, 2232 Sep 1936 (iwo storms), end

1-12 Ang 1938, :
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casting rle bdesed on ihe Cape Verds winds. Hather thees winds

3

should serve as a varning or notice 4o the forecaster te be on %the

(1

laokont for a wsve & fev dsys later im the area farther weet where

Ave '
surticient data ﬁi"presant to locate it definitely,
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if; Fhe following dimcnasion concentrates mainly on the problem Tfj
By -3
Kiaes - - =
o of how the =cdela of the ware cstvucture (6) were verifiad in the =3

a

case of the sixteen 1944 wuves, Spselal ewphasis was glven to the

ol ,;:
o i EE)

horircntal and vertical orisatation, the wind patterns and the

pressure and temperaturs distridution about the waves. It ghould

FENITER)

J

B he kept in mind that in theorsticsl amiroaches by Rishl and cothers,
steady state conditions were anssumed, In the data used here, how

ever, accelersting, decslerating, deepening, snd filling waves are

=4
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g
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cengidered ar well ag stecsdy state wuves,

it

i

1. Epriszontal Orisatation
Since the stations of the Aafilles chain lie roughly normal
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to most wevez, it is ifficult to aacertain the exact orientetion 2 !i
of a wave trough, once it has passed the L.esser antilles, Iniy % i
g Curacao, N.Wels 1g situated far enough south to serve as & chaciking 2‘ i
point.l . I the pesition of a wave cen be locatsd with suificient “
accuracy in the Antilles et the time it passes Curacao, itn horisontal %
sriontation can be dstermined fairly guccogsfnlly. mpelve of the y
sizteen waves passod Curacao with sufficient evidence to asceriain ‘, l
£y
T . ©
Swan Island, Grand Ceymgn, Jemsice and the Bahemas sre aleo z i
situated cff the mzdn island chain, However, in 194% ¢oo few waves - E
prozregsed far enough west to warrsat statigticel computations there, : 5
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the tims of passage %o within six hours {in a Yew cases 12 hours).
The mean orientation of the trovgh linss was north-northrast--souin-

southwest and the extreme deviations from this mcan were orly northe

south, and northeast~gouthwest,

%n the averags, vherefors, the wave {roughs were oriented aboui
aormal to the mean flow between 1000 azd 150CC fset ay Puerto Rico
thegs levels 1lie between 95° and 130°. In addition, the orientaticn
of the wavs troughs tended toward north-gouth when the msan flow acrosus
the trough was more eastoriy, with & windehift from northsast %o sonth-
anat with pasgsage. Converesly, when the general flow vas more southe
easteriy, the wave trough was located more northsasi-scuthwsst, These
data corroborate the suggestion, that the alsturbanogs dheuld be cans
gidersed g3 traﬁsverse waves in the easterly currsat. They ﬁm suz=
gest thet the wafe Froughs graiually assume an orientntion more n-ariy
east-wegt, as they pasa from the eastsrn into the western Caribhean,

3 where the mean flow is more southerly.

2. Slope with Esight

¥awveg in the easgterliea generally glope eestuurd with elevation,

T T P P Y F P | L 1o 11 P K TR A L YR AR e [ P P e iR s el o

L= ”»

~ty

unlegs they ars undergoing trensformation under the influence of extre~

tropicsl systems. According to Rieul (6) their axee mre nearly vers

cogdbnds L iee il B

tical up to 5000 o 8000 feet snd alope eastward sbove that level,

T determine the glope as clogely as possible, computations wers mede

Hy
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fvoi time asections of the upper winds at San Juan, This method is

not entirciy satisfactory. 4% the higher loveias, there zay b%s an

stk 8 e Y

aéror saconting to twelve hours in the determinailion of ths time of

passage, Noreover, use of the ¢izs zections for &ezoﬁininé slope

pregupposcs & consiant spesd of the mvg:s; waich in }ndiv:’,dga‘. £a308

of courss is not slways Srus, Indesd, in regions whers ihc waves

tend to stagnate, the method is imapplicable., At San Juan, however,

vhers tho waves passcd more or less reguleriy ducing 19Uk, the figures
g should give & good indication regarding ths averszgs slope of waves o

in the ezgterlies near Pusrto Rice,

The averugs lpgg between wawvs pus‘a'ge at ths ground and at

45,000 feet was 1€ bouvs. The sverags gpesd of the waves at San

Jusn ¥=8 17 m.p.he near the gurface, Thus the slspe vith height

was 3pproximately 1t35, or aboul haif the glope of an averags ten~

porais-zone cold Zront. Although Rishl (6) glwes no figures, his

Bedel shows & zlope of the géams order of magnitude,

Thdos widb i piz 91 26 siU  bov k denb @B R Nt Rbrliagite fussln kol st g AR Bl A IR UL L TR S sk, A1 1b s

3o Yertical Extent
The installation of rawinsg at Sen Jusn ani Cayesno early in

TR

1944 provided an opportunity to study flow and flow changes at high

51

[ £ FRRT

levels which couvid not ©® ascertained in previcus years, Rawin

2phati

cbservations were taken two 4o four times daily and information to .;
30000 and H0G00 feet wes obtalzed with great cond stency, Thegs 3
records indicaied that the height to which %s windshifts with the ki
22 -
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pansage of waves in the oasterlies extended was ofter suormous,
though in most caesy the turning veas most marked betwsen 10000

and 20000 feat. At fSen Juan; a =hift of over 80° tock place st

¥
¥
§
[}
(

20000 foet in sight out ¢f nine cages where winds to that level

i

were aveiigviea. Only once wss thers n lack of evidence of wave

b
.
4

H

possazs at thisg level, At NCCO0 feet, ahift of 80° or mors was

g by

oK

2gain in ovidensce in gevan of the nine instences cited, In ancther

v
P

’»:g_*.@v

e
*3

ingtance, the rawin extended to only 35000 feet, At that lewel a

s CEAE LS

4

3 good wind shift was in evidence, -

iyl
it

in view of these more recent dsta, Riehl's statement (6} that

most waves do not show changes in the high troposphare ghould be

s
<

*
==,
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i

modified, It shounid, howsver, not he overlooked that the waves
selected for giudy during 19l wers the most intens? cneg of the
ssason, and that wesker waves were smitied, ZFerheps it is beat
$0 otats thet at leasi the intense waves may exterdi o the sub-

stratc; sphere cr higher,
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Pigure & veprscents a veriical cross-ssction of the wiads

[

3 through & wave in the sasterlies., In nddition, the height of the ~
SR moist layer is given by the dotted line. In 1944, the wind norsal %
to the troughe of the intense waves was considerably greater to the '
rear of the troughe thau amesd in the lower tropogphere. Thisz fnme e
dicates convergence of the current in which the waveg wers embed-
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ded toward the wave tToughs rom the east. Ag showm in secition 1 .i.
oi this chapter, this current ususlly travelled from ESE. Its gpeed j

frequently cxceeded the spesd of the waves in ths low levels. eupecially

near 5000 feet, so that in the lowest layers alr moved westward through

the waves, Thers was, howaver, a dscresnse of ¢the motisn noramel to the

ot
Ao b

wave troughs wiil imcressing helight, and at 0000 fest and higher even .
a revergal of direction relative to the earth, Thus, in the =iddle e

AT

and uppsr iroposphera, the wave troughs generally traveiled faster
3 then the alr, o that thé air moved eactward through the troughs,
occasionsily at speedi in =855 ¢f 20 =,p.h, A qualitetive spe
pliceticn of Rossby's vorticity theorem (3) shows that, below the
base of the westerlies, a;ll layers that wove considerably slower
than the waves shouid convergs while ahead of thie wave trough, and
diverge cnce the trousgh haog overtaken and passed them. Thus the low

level divergence gives way to convergencs with height ahead of the

trouzhs and to their rear low level convergence ig succeeded by up-

3 per divergence, This dezeription agrees well with that given by

i U

. e 3= o r

53;“: nient \Q)g

X There is, however, evidence o suspsct the pressnce of additionsi

A1
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height. According $¢ Rishi (6) &
¥hile thia ia generelly crue, rawin date, nct avallable in previous

years, indicate that in the upper troposphere the windshift again
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increageo' in the cass cf pronounced waves as ataled above, Wind
veef;';;:ahowing the qiffersuce in the meridionel flow eomvonent
at several ievelis ghesd and dehind the wave froughs were compuien
fo5 twelve 1944 waves. The difference was greatest beiween 5000

and 15000 feet; lessened betwesn FHIOUO aald 30000 feet; and increamsed

agaln above that levei. At L0000 feet the ehifh was grestsr thes i
at 20000 feet, #nd conglderably greater than in ithe layer Zrom
25000 to 35000 fset, If the prscsding dats maybe interpreted ) ‘
ﬁ to indicate alicrnsate weaskening and sirengthening of the wave- !
troughs with height, them it sppears reasopable tc conciuds that 5
there are se¥srEsl a:l.temats.'ng, lavere of convergence and divergence %
with heighte And while ome reverssl tekes place between 15000 and -
20000 feet, snother pne ocecurs between 30000 and 35000 Leet which is
’ nsar the’avvsra@a helght of the bage of the westerlies. The cheervation £
- of sich lavers sgrees well wiil recemi, as yet unpubliehed theoreticel "j{:’;“ ]
{ q 1nvestigat10nz;.by Profeasor C.-0. Sogsby regarding the disivridbution of % fi
i . :f.tg'j’ % _convergence and divergence with height in atmospheric waves. E !
| P%% The preceding discussion was beeed on the change ¢f the mer- ? i
I{' i %;T‘ ldlonal flow Souponent rather than the change of wind dirsciion ivself. *i
"—. ;g%cg: The latter was greatest at itl*.-:« highbst elavaticss, Bevween 5000 and {; i
:—wf 25000 foat thsie vas an averags shift of §0-70° in 12-Zi hours, which E f
. increased to 160" at an& above 3HOOO feet. This picture is produced {‘i’% i
’ primarily by the decrease of the easterly flow with height, At 30000 ‘; i
to 35000 feet and highor the sonzl wind component terds to be very ;* !
2 < |
.
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iight, ancd =mall changes ¢f the north and south componernts will nro—

duce large changes of the wind direciion.

" The direction itharefore, doeg not yield ar unbiassd picture
concerning the variation of the intensity of the waveg with height,
although the lerge changes at high levsls provide an sxcellent tool
for analysis. It is 2lso of interest to note that except for the
lager irom 20000 to 25000 feet, the average noriheriy componsat ahsad
of the wave 1g fairly constant and incroeases upward hecoming strongest
at 30000 to LOGOO feet. On the other hand, the southexly component
behind the wave,-va:’y‘atrang at 5000 feet decresses rzpidiy in the
loyer 15000 to 3000 feet amd agaln sirengthens above 30000 feet buk
not withintensity comparable to the northerly component shead of

the wave,

5« Height of the Bage of the Westerlies

Ag emphagized in the chapter on nauitenan@e, a deep easteriy

currant is needed to maintaln tha wmves, Thius the months with
greatest weve irequoncy ghould be characterized by a high bage of

the westerlies. &c computed from the San Jusn rawing for 1544, the

bage averaged 10p00 to 15900 feet in May, 2(})60 feet in June: 3@000

L. BAAAA Dok 2. T Aicaad ol fedobhaem, AE AAA L. ZAANS Laocd e g
vU 'I'VJIVU 4OCV AU VULFy MULSKUTIV WL WL VJUOL s CJeVW W J?'vv AOCY 242 ]
September, and 10000 %o 15DGC fest in November. Thus the seasonsl 3
march of the height of tho base of the westeriiss sgrees quite well
with the gcasonal variation of wave frequency. Neverthelegs, &s _
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.. strogsed earlier, a lowering of the bage will often sccomunmy the

W

passagess of strong waves thouselves, Bazea aversging 31,}“% isoct—~

e SR S

ol

nearly sversge hsight-~preceded the passage of four well markss -.:s-.=-e

E I g

in the earlior part of the 1944 semgom. A% the time of wave passage

i

ar the surfase. snd eborily ithereafusr
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3
Y

to an average haight of only 1‘{)000 fset for the four waveg, and then

y
s

0y

B e A U

conditions returned quickly to normal, Zince the troughline at high

8y x}l‘?‘é‘a Bt

s

levele usmlly pesses some hours after suriace passage, it appears

s
i
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reagonablé to conclude that the lowest westerliee are encounsered

i

aisng voe troughlins,

i
iy
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Az suggested by Riehl (&), such s narrow dsnd of low westerlies

=ar be due to the presence of clos?d low centers aloft, The wegteriy

g
!

i

winds, however, did not revert to easterly egain im the four exsaples =

o
it

e

i
=

eited, tut maintained themselves for the remainder of ithe ascents,
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to 50000 and even 60000 fest. Thus 1f the westerlies are csused by
the preccnce of an upper low center, this center must extend to very

heights rather then persisi only in the middle t{rsrosphere,

- P Te b
&y Fiay ’.i:ﬁ',g'&’!.‘: o 3&‘ h ‘;ﬁ Ilk""

S ‘ et 0 §§§W
E‘ff}\ ]% ¥ ,i‘%ﬁ;‘ﬁ‘ Q;
[
iy 3
h \
g o=
I T
TR 2N
SR NG VY B BT b T e i Y e N

wvever, the subtropical high were dieplaced south of San Juen
in the high troposphere, the westerlics may be considered as part of ':
' %“.,% the circumpolar westerlies,
e There was & suggestive csrroiation beiween the lowering of the 4, i
base of the weskarliez and deeponisng, In severai instances ., where the E
lowering was most marked, & t¥opicel disturbance formed within 24 lhours, ' §
Hoderate lowering was accompanied by siight deepering, Psst moving - %
" i
ig
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weak waves had the least effscs on Ths %a&‘:.a This observation
corrcborates the suzgestions on tropical cyclogenesis presznied by
Riahl and Shafer (7) and what is said in this report ecncerning
daspening of the waves, ZIZvidently, however, a reversal of the lower
casterlies to westeriies with helght can ssrve ag & warning of ime
pending syclogenesis only under thege gpecial circumstanceas, sirce
this reversal is one ¢f thes sutatanding and most persisting featurss

of the nomehuiricans ss22on. -

6. Preggire and Temperature
8) Pressuret For the study of precgure and temperaturs character-
istics, the raq'bs of the following five Caribbean stgtions were ugss
in aiditfon to she surface observationt St, Lucis, B.W.I., Autigua,
BW.I., Sen Jusn, Puerte Rico, Pert au Primcs, Haitl, acd Batista
Field, Cuba, Frem these soundings 2U=hour pressure changes were ob-
tained fur ihs periou.u 0~12 hours and 12-24 hours before snd after
wveve passsge, Shehour rmri"ace tendexcies observed ahead ard behind

'hﬁ ware troughs svs given in Tahle 1. The figureg indicaie the

sumust of ocourrensceg.

20n 16 July 10U the base of the wests
to 9000 feet al San Jusa within uine hou afte possage of a1 wave
and & tropical Adlgtusbance formed on 11 J{!J.y. A fast moving weak
wave 12 July, was sgoompanied by only slight lowering from 30000
0 25000 feet, Soe slso wave peseages 29 Jume and 16 July when
lowering sversged 3000 feat. In both cazes the waves glowsd down
and deepened glightly. '
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28g8 was 3.7 mb, The groatest fall in the pericd O-12 houra be-
fore wave pasgsgs was M4 mb, The grestegt rise found during the

period 0-12 heurs afisr passage was 3.5 mb and the greatest riss

% i

o s

]

%’” PARLE 1

S BafsTe passage Aftsr passage 3
= 12-2% hrg, O-12 hrs, O=12 hrse 1224 hrs. .

E Felling tendency 10 47 1 9 2
2 £}

= Rising tendency Zi 1} n 4o 3
£ -
B Ho change .- 2 9 n -
=i A ke
3;”‘5;“ The greateet foll in the peried 12-2i hoursz before wuve pas- §
:

for the périod 12-24 hours after passage was G.2 b, Extremes

-occurred with tiis waveas that had cloged centers,

The distribution of the changes sgrees in trend with the
descriptions of Duzn (3) and Biehl (6). Some of the deviations

2 eh .
ars dus $c the faot thot the changes are not ingtantanesus, Iz 2

[ §
RISV S T YO LTIV <L, Y IT N

nunber of insgtences the true isallobaric field, especially wilth
weok waves, was mesked by the iafluence of higher latl tnie systoms. ;

In others it was affected by the interaction of iw closely spaced

WETE R R .
gursy Feurd Rt : :

“ipuse pressure changes sloft were obtalned from time sections -

for the five pisticns listed abeve. Rammits 8t 10000 and 20000 feet

only will be pressntsd {Teble 2) since the figurss et gtill higher

levela were too uncertain =24 inconclusive, Thig is in part dus teo
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scarcity of &ata and in part due to the necassity to assume an
average siope of the wave troughs with bsight s3 well as a cone~

tant and egual 2igpiacement 5f the wave troughs at all heighta.

'.“il ‘WE 2
10000 feet

Before surizsc pacaage  After gurface passage

12-2l hrg, O-12 hre. O=12 hrs. 12-2Y4 hra,
Palling tondency 19 15 1
Rising tendency 5 8 - n

¥ change Q 1l 12 6

20000 feot

Befors surface passzge After surface passege

1224 hrs. Owl2 hrs, 0=12 hrge 12-2i hrs.

¥alling tendency 17 18 18 13 -

8

Rising tendency 6 13 13

(¢

No change 7 10 1y

Por the period 12-2% hours prior to surfsce passage, the
greatest fails recorded were i mb. at 10000 feet and 3 mb, &%
20000 feet. ¥or the period O~12 hours vefore passage the greaiesy
fallg were U mb, &t 10000 fest and l mb at 20000 foet, Tor the
period 12-24 houre after passage the greatest risec were 3 mb. at

000G feat and 4 wb at 20000 feot. The results in genersl are feir,
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It g difficult, however, to account ‘for",/the increasing number of
progeure rigss 3«12 houre ahesad ¢f the wave $roughs ac comparzd with
12-2% nours shead,

) L) DTemperature: Fiftesn instances were availeble =t Saz Juan
for wiiich 2li~hour temperaturs chenges could be computed from scunde
inzc leas than 2ik-hours after surface passage. Iu cassg where the
rsod in question was taken only a few hoursg atter surface passags,

the ra5t 12 bheurs leter wa

I\
Y
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ings altogothsr, ,

The following Zi=hiour changee were nobsd. In eightsen casss
there wag & layer of cooling of at least 2°C, with base averaging
770 mb, (8000 feet), and top aversging approximatsly U460 wb,
(21000 feet). The thickness snd position of the layer varied.
The bawse rangsd from the surface to 570 mb, (15000 feet), The top
was at or above the 5U0 mb. level (17900 feet) inall but two cases
azd below UOC mb, (25000 feet] except for two cases, In one instence
there ware two laysrs of cooling, one from THO mo, to 570 mbe and one
2rcm HOC mb. %o 200 mb, Eight times there was & lgyer of warming of
2°C or more, which was based fonr times at the surface, twice at
200 feet, once at 3000 feet, and once at LO0C feet. The tap of
the layer of warming averaged 760 mb. (8500 feet) with extreros ot
670 mb, {11100 fost) end 8EO wb. (8000 feet).

In four of the five caszes vhere two consecutive soundings could

e analysed, the bage of the lgyer of cooling lowered in the 12<hour
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interval betwesn the two raonhs and the amount of cocling increased.

In ths £ifth- cace, no layer of cooling wea in evidence ‘on the £irst
gonnding, but sppesred sz the sacond, The lowver laysr of warming

appoared on the firet recd in four instancec tut 4issppesved in -
ihres lnstances on ke secnnd ;ounding; In the fourth cass it |
woskened., The following exirems amovntm of warming and anoling wers
obtained ., The greatsst cooling was soc. Once there waz cociing

of 6°C, once of 5°C, twice of U°Q and eight times of 3°C, The

grestest warming was 5°C. Once there was werming of 4°C and three

times varming of 3°0,

Thus, the following 2U-hour ismperature changss should ordine-

arily be observed with wave passage. At first there should be
} verning of 2-3°G at or near the sarface and extending to 8000 fest,

with a layer of cooling of epproximately 3°C immediately sbove it. *

Twelve hours isvsr the laysr of werzing should ordinarily have dis-

sppeared, or weskened considerably. The laysr of cooling should
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have intensiZisd with the bess iowering to abouv X000 fest and oc=
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casionally %o ths surface. This ssquence of 2lehour chenges gug-
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gests that the actual cooling bveging irmediateiy or ascrn zfter pasw
saze of the wave trough, while warming precedes it. IV azrees well

with the connept &f low lovel divergence snéad oi the wave ircugns

and convergenca to their rear,
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‘ B 8 he top of the moist larer has besn defined fraquently ss that g &
lsvel .hore the relative humidity drops off rapidly with height to %
below UO®, The neight of shis level iz on the averags arcund 7;’3002*“3" g r
to 8000 fest, Prsvious work concerning the effect of weaves in the =
easteriies on ths height of the moist layer indicates that it msy b
. % 3
lower to 5}000 fzet approximately Z0C miles zhesd of the wave; and g i
that it risss zapidly aboul the time of wave paceage, often ex- 1§ :
cseding 30000 feet, (6) i t
in order 4o sec to what extent this picture verified, twelve %
z
wuves between June and Auguet of 1944 were oxamined for the effect X !
of wave passage on the height of the moist layer at San Juan., In all *§ i
instances except one, the height cf the molst layer increased ;ivut ?;, i
after passage. é %
The averasze height of the molst layer during the period under 2
z :
consideration as obtained from 99 raobs, was 11,400 feet,” In the 3 H
" Pli=hours preceding wave passag® the moist layer sveraged 118CO feet, =
or approximately the same as the genersl averaga., During the 2l
honrg after surface passage, the &verege depth was i§300 feot, -_:
reprasenting an incresse of about 50%. Im 75% of the cases the
the moist laver was deeper 12 40 24 hours after passage than Onl2 !
S
It is also of interest to note thai the molst layer averaged K i
13700 feet (61 ohssrvations) wien the mean wind between 1500 and g i
15000 feet blew from south to east., and only 7700 feet ¢38 ob- :
servations) when it blew from north to east,
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hours after ctasssgs.

Thas there was & pronoucced rige of the top of the moist
lgyer after surfecs peasags, tul the top was near the ssasonsl
averzge tefore passage. It ahould be noted, however, that the
waves ware not all of the stcaly-stats type. Sor. contalned
clozed low centers while they were passing San Jusn and others

were deepening,

8. Conciusiguy

8) The horizontal orientation is nearly perpendicular to ths
wean flow between 1)000 to 15)000 feet, tzually north-northeaste
south~-southwest,

o) The average slcpe of the wavez with height approximates
1: 3. B

c) Strong waves are still well marked at 40060 f'eet; There
1s, however, an intermadiste region vstween 20)000 and 35)000 feed
where they are ncticeably weaker,

— &) The most promounced shifts with passage occur at 5000 to
15000 feet and again avound 40000 feet or highor,

e) Most waves are proceded bty 2iehour pressure falls of i-2
mb. on the gurface and aloft. with subsequent rises of the same
order of magnitude upon passegs.

£) Shortiy after passage, Zi-hour ‘temperature rises occur from

bo

the surface to epproximately §000 feet with 2U=honr cooling
V4
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greeter fMahour cooling ﬁha,t extonds fariher down follows 12-24
hours after pajnesgs.

g Before wave passege the helgnht of the moist layer ie ap-
proximately normel, (135,@0 feet). After passage, it rises to over

16000 feel snd attains its greatest Leighi 12-24 honrs after pes~

.
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WEATHER DISTRIBUTION

SR ARIY SA e

Up to quite recenily, efioris to treat the chauging peiterxe
of the dally weather in the tropics, apart from hurricanee, were

very limited, Indeed, soms officials of meteorological services

AL o

iz the troplics freely expreseed the opinicn that it was impossibls

A

to forecast the day to day chenges of the wsather. in the Atlantic

sbbi b s nthe bklat it v Puttil

v
iz

}

@ region, Dunn (3) first considered variationy irn the height of the

B

moist -iayer in relation o wavez in the €asterlies, under the name
of moving allobaric gystems, Frolow's disc;nssion of & Feold front?
rassage st Martinigue in 1941 (5). dsacribes ossentially the weather
sxperisnced with a reasonably streng wave., 2iehl {6) and Bomnot (1)
treat the theory of convergencs aal divergence around stesdy stets

waves and cite several observal cases,

In order to ascertein to what extext the theoreticsl patterns

are borne out in practice, the weather distribuitica obgerved in cone

7
b
"
2
T I

% ;li!

" nection with the 16 waves of the 1Suli season weas anslysed in detail,

= "

X
e
3

Since several of thege 'wave‘s developed closed low centers, it elac

2

i

becane necessary to refer to the weasther -patterns assozizted with

¥

R

tropical lowe tc sone extent, The verification was carried out

through an analysis of the digtritwtlsn of the mesasured rainfell

3!
Jf-‘“‘{ ¥ e
S T ORI TR B I VR TY ol leipisuiattilEe . 5 oiaigin bk

b %} apd with the vuge of an empirical formui& which aigo incivdes cioude b
rey §3NL . 3
g {0y T —— . - - -
e HEX inags and which ie deseribed in the appendix to this chepter, All :
LR : L
Az w sthey infarmeticn agveilsble from the syroptie and houriy observationg “
R -
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was aipo utilizad. )

|} 1, Aver Distribation
At first a comparison was madc bstwoen the average distribution

T AR
I3

3
f

as obtained from all waves of the 19%% ssason end the thooretical

N2 3 ZERUSE

ALY A

picture around & steéﬁy state wave, 1.8, 3 wave thal changes neither

e
%

speed nor intensity. According to thecry, the wesailisr 8-24 hours be-

::"J fcre passage of a steady staie wave trough should be considersbly bet- 4
= ter than average, with damping of the dlurnal convective activity

A 4
‘i‘;,'; . ;

&

L and & zinimum of precipitation. Then as the trough line pasees at <
the surfece, increased convection, showers, overcast sikies, linee :
4 of cumuloniubus and middle cloud decks appear, The clearest skise

ahould be found approximately 200 miies shead of the wave trough 3

ey
78

end the greatesi amount of bad westher approxiuately one-half thie

TAT T v L ik

I+ . distance to the rear.

A statistical eummsry for a1l stations of the Aniilles cheain

e B
Mo — e =

PRy
O

and the Guiana enast during the sixtesn waves for 19uh gave .24

&

inches of rain in the thirty hours wp to surfase wave-trough pag-
sage and J4€ inches of rainfall in the $hirty hours after passage.

At the same stations the aversge rainfall for a period of average

b
)
*
2
)
s
]
)
%
ao

diurnal weather, showsd o15 ischss railnfall in thirty hours., Therew
fore, on the averags, woather shead of a wave 1n the easterliee ia
congiderably better than bshind, However, compered to normal con~

diticnsz, the woather befors the wave ig not especlally fine, This

statement ghounld e gquaiified, however, by ststing thet all types
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o waves werc included in the calcuiations, net merely steady mtate
weTes. The varisnce of westler distridbution among ths 16 waves
thenselves was great, Thus $he average disiribution dooe not help

the forecaster greatly and a further breakdown of the 16 wavcs be=

‘ c«rmé,g BOTOLILTY -

2. MNogther Dipiritation in Relatlon to Speod of ¥Waveg,

A ;remnably relisble wave characteristic that carn be measured
at sn early stege is its rate of displécemsnt. Once &/ wave is 1(1.4.;;;-
$ified and properly lccated, micoezsive charte ¥ill indicats 1te
surrent rate of movemea.t. In this discuseion the gpsed of the wave
(e) is used as the primary typing factor. it is more sasiiy mea=
sured than, for imstence, smplitwle or intengity and for the most
part there iz a definite relationship tetwsen the gpeed of & wave
and its intensiiy, and between cMea of speed and changes of
intensity. 4n a&ditiom congidergtion is the relati-on between tha
specd of each wave (c) and the aversgs fiow normal to the wave trough

{9). Boik {c) sud (U) ave here considered to e negative for motion

. from east to west.

18 w.pohi and above ¢ fast
17.9 to 13.0 meDehoz moderate
Leps than 13 m.p.lex slow

As one night expect, very few waves fall into only one clessificalion
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throvghout their whole iife history, Consequently, periods whsa
the various waves maintained reasonaviy steady velcocity were chossa
and their weather digiridbution was studisd during such intervals,
Because only sixteen waves were available, each of the three groups
containeg very few cascs. This is a sericus dravback etatisﬁcany.
The following sections, thersfore, should rot be expscted %o present
final rezults concerning the weather dlstributiorn with each typs.
They should rather te taken as an indication of what She final
picture protably will show,

8) Zast moving waves: The rapidly moving vaves of the 19uh
seagon ocsurred primarily 1n the early vart of mmer.l These
waves also 41d not prvduce tropicel storms or closed circuletion
whils mainteining high rates ¢Z displacement,

Hainfall and weather distrivuiion show cszsiderabls dsviaticn
from the theorciical diatridution around a steady state wave through
which the wind dlows from east to west, The average total precip-
ion for o paricd taken 30 hours before and 30 hours afier sur-
fgce trough passege was .78 inches. The amount before passage (M2
inches) exceeded sligatly the total afier passage (.36 inches). Thusz

%he average siz-hourly emount for five six hourly periods was .C8

1

29-30 Jun, from St. Lucia Yo Fusrtc Bleo; U g 15, 0 = «18.4 n.r.h,
10«12 Jul, frem St. Croix to Camaguey; U g =13, ¢ & =18 m.pohe

15=16 Jui, Trinidad to San Juan; U @ «10.5, € = =20 m.p.h,

30 Jul = 2 Aug, Trinidad to Port az Frincs; U = =19.5, € = =24 m.p. k.,
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insEts hefore and 07 inches after passage, the maximum teking place
epproxinately gix hours before passage. The dAistribuiicn of the '
other weather factors was in zonersl sgreemsnt with the wsinfalli. '
Congideorably more wemtuer occurred befors passage than after, Over-
cest sicies extended as much aw 2% hours ahesd, while repid slearins
teok place on several occaslons zix $¢ twslve hours after suriace

trough passaga,

y}|

Voxparison of the speed of the wave~trough with the mean flow
between 5000 and 15000 fest norss1 to the trough indiczied that,
oa the average, the weves moved Y% m.p.h, faster than ths currens
in vhick they were embedded. The bad veather occurred farthest

. ahead of thoee troughs, vhere U~( wag g;rea%est and thers v;-:--;; N
general tendenscy for the intensity of the weather to decrease as

U=l increaped, Thie regult Comparcs favorsbly with the weather

distritution indicated By Riahl (£) for waves that move more rapidly

vt et s deal e b B ity STk T S A i o £ 54

thar their steering current, althcugh in his aaslysis U girictly
§ represents the zonal flow,

N

N N

At & given station the period of showers and gqually weather

#olideia excecded twelve hours in connection with the pesgsage of &

faet wave, For aircraft operations the bad westher aveas present I

less hazardous corditions thsn thoge sssociatsd with other types

of waveg, Usuelly thers ere ouly a few misnuies of terminal Ynme ;

trument conditions mnd often nc ingtrument corditions @¢ 'ail, i
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D) Moderaie moving wevijt Weves of mcderate speed showed 2
e
uniform seasonsl dimpereicn. Simee seversl of these waves doepened
the periads of dsepening were omitted for purposes of thias giudy,

bteginning 48 hours befeoic the deepaning becsme eppsrent at the

Phafisraties tloah,, < Rt L ” 5
RS e A
gy £33 LM . Bk

w

Cl A

= gurface, Thug, wevea in stoady stale conditions enly were con-

T

i

sidered for 19, emd severasi steady siate waves of the sariy part

2t

#
o

of the 1945 geason wers siso added.

i

i

The averags rainfall pattern ghows the followingt in the P

LA

L

T

i
)

thirty hour period up to the tims of surface passage,.l9 inches

i
3

ty

T

of rain fell end in the thirty hour pericd sfier passege, .45

inches, Therefore, lsss than one third of ths rainfall oceurred

) 2 ::4! x
e

b

W
4

before passage, Cloudiness before passage dlze wes less intense

ARy

in generai then after pausage, Thus the weather beiore passage

14
i

is spproxirately normsl but after paseage becomés appréciably worsd

¥

|
;

i

i
i ?’q.
2

then normal. The disturbed weather lgsted at leagt 12 hours ard

Iy %y
3 b

coneiderable cicudiness freauenily persisted for an sdditicnal 12

e
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= hours.

LHeEs

e mean flow moTmal to the trough line from 5Q00 to 15900 fost
way gpproximately equal to the spesd of the waves. In one cass it
sxmoeded the wave speed ©Y 3 mepPeh. and the worst weather was dic-

placed farther to the rear in thie cempsved to the other cases,

Beadt o dedorta i LA

z
8~3 Jul, Britisgh Guisna %5 Rogeau: U x =14, C g «i5 m.p.b,
911 Jul, Coyenns ts Barbados; U m <19, 0 = =16 m.p.he. R
13-16 Sep, Trinided to Jarmicas; U n =4, C » =15 m.p.h. =
i7=19 Pep, Trinidad to PFuerto Ricoy
L
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Westher occurred in the form of freguent moderate showers,
occaaionsl heavy slhicwers, and tersinal instrusent conditions peiw
sigted for intermittent puriods up ts 3/U hour, Cumulonimdi ani

extensive asitostratus and =ltosumulus decks sccompanicd the wave

g) SIOWAY MUVAnE wWares: Thers were three slowly moving waves

during 19%%.” AlL of these occurred late in the seascn, and twe

-nn‘n“

forad closed low centers, Prior to the despenirg, .09 inches rain
fell during a thirty hour period before pmssszs and .32 inches or
mor? than 75§ of the totsl afier passags, Coxpared to the normal
rainfall during sversge wsathsr for a sompapatiz. thirty hour periad

(+15 inches), the rainfall before passage was congiderably legs than

-

xoreals, The rainfall after pasasss compares Vo that associated with

e A bdass 2 shudnibitadnaidd il ign ey AL fr B e bl R SR e S

the moderste wOTIOE WEvSEe

fﬁszisﬁﬁ n:ioudineu, as well ss rainfall, took place spprozimately
15 haure after surface passage, Duration of weather, type and amount
of cloudinses, siz., resembled clossly the ssjusnce observed in cone
nection with moderats moving waves, 7The primery difference beiwsen
theee twe types of waves lies irn the fact that the weather ig cone

siderably betier sghead of the slow waves than the mcderais moving

e by et 1| sk ik
+and S i Ui o b i 12 LG St JiLeA7

waves,
3 )
18 Sep, Trinidad to Haiti: U s =11, € = =% m.p.h. ) ) .
4.9 Oct, Trinidad to San Juan; U g =10; € « =7 m.pehs )
16-20 Oct, Britigh Guiens to Haitis U = -12, C z ~8 m.p.h.
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The relation betwser wind andi trough spead giver s Dossible
clvs concorning thic diffsrernce, ‘ma average flovw asrmal to the
trough line was 11 m.p.he for the glow waveg, swhiile the wave speed
vag & m.pehe Thug T w O g «3 mepeh: In contraat to ¥V =0 0 for
the moderate wave, This relation should, according to Riehl (6) '
produce divergence and failr weather bvefore passags and convergence
vith squally weather after passage,

4) Despening and decelersting wevest Deceleraiion of the speed
of & weve during 191!1&1" resulted in sach cage in the formation ¢f &
ciozed low of at least moderzie intensity, Thus deecpening snd ds=
gslerating waves may be congidered together 2a far sg the 1944 %’avs';
ere csroernéd, The tendsucy for é;esele;atit;n increaged ag the sea~
son a&'far.csa, -ihnethe steady state vaves cccurred primarily early
iz the season, |

The weather distribation around dacelerzting weves varied wilely

depending osn conditicns immediately precsding the decelsration, Howe

ever, & typical sequence of chanses can be found., The weether ig

generally diatributed asyzmetrically during the early stages of de=-
celeraticn with the period of wost dlsturbed weatler approximetely”
i2 te 15 houre behind ths eurface trcucgh passzge. As ths deceleruation

progresess, “he pettern slowly bessmes mer gymusiricsl, and in the

)49011 Jul, Cayenre to St. Lucia,
1315 Aug, Dutch Guiens to Antigus.
13-16 8ep, Antigus tc Jamaica,
17«18 Oct, 8%, Lueis to Pusrts Rico
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later stages the weather iz worst spproximstely § hours after
trough passag®. Thug thers is s gradusl transiiion from the pate

terns sgscclation with steady state waves in the easterlisg to

Aot ot s o add RBGHNILR NSt AL B

those connected with itroplcal storms. During the trensition, the

R4 P Y

At
v

fgqﬁfeﬁmmﬁ*’%&%

irntensity of the bad woather increases constantly. Thersfore, as

ig entirely reasonable, deepsning waves yield iihc most dangsrous

Tt

weaithar sonditions

14,

W
L}

AL ke &

gk

4

It is notewrthy thet, while the mean flow nsznal %o the weve

¥

g

W

exceaisd the wave gpeed during the sarly hours of the deepening,

imn e

4 4
e

the speed of the wave and the mean fiocw bvecame approximsstzly sgusl

A,

.
i
e 1B gal Wb W

e

,
{1l

as the deepening progressed, This chenging relation, however, may

g;".’

it
LA

no longer Ye used to interpret the shifiing of the areas of cone

o
e
atr
&

vargence and divergence relative to the wave trough because

non-stecdy state tyne of mati

tate type n invalyed
v & R =

L -
= .

8) Acoslopating wavesi Oniy two instances of pronounced &ce

ST S e

8!
!

3

v

celeration took place during 1944, In the two cases noted” the

dotig,
“ Ay

o D ineiobae st w bt b ekt 8IS AR ERR SRR crat s 18 tto 0

- weather before acceleration was gimilar to that deecribed in cone-

Junction with slow moving waves, Initfally., alss U - C 40, 4s

i

X

e acceisravion began, the weather diatridbution became more ayu~

2

i{%
Tyr g

motrical;, and U - §—0, Neither of the two cases could be fol-

IR T PN AR R

lowed to the sbtage where U= (350,
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L T84 beigied

%

,

H

530-31 Jul, Haiti to Cuba, L
keb Sep, San Juan to Jemaice,
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_ 3. Contlusisne gz g!
Fost 2 iE
BEagt moving waves ( 18 m.p.h.) are of weak intenegity and 3 %E
%

: = ]
have an ar roximsiely symmatrical distribution of weather about 2 EE
¥he wave trough, \ % i

T |

Noderately moving veves (13-18 m.p.h.) are in general mers ?;

. %z
intenae than fast waves, The westher increases afisr the trough %
passage. . 5 :

8low waves { 12 m.p.h.) ars preceded by a pronounced zone of § -3
€004 weather and have naximus intensity of wsather 12 hours afier % :
9835833_.; " ;f‘@

Decelerating waves. which develop into tropical storme, sxs r_;
the most intense of £ll types congldered snd graduslly approach gé_r

=%

E-]

nearly symsettical distributlon of vosther, 2
. e

¥, Appeniix k-

In the study of weather conditions around & wave in the easte :;
erlies, use of rainfail data alone secms inadequate, It is ob= B4
viously possible for rair gagaz to record unreprasenistive smamnta ﬂ g
of vracipitatior in meny inatanceg, Therefors ths sther aieménts 1“ E
such &s§ cloudiness end type of precipitation should he included, : g

§
& formule shbodying ihcse faciors waw dovieed, namelys P E
‘:GI.- b4 "E.}l ¢ (C:_E X W) 4 {w X BR) » Weather Intensity. “} '
This empiricel fornmle states that the low cloude considered with ]!
B 3
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a@msunt of low clouda plus middie clounds considsred with total sky E
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wiin smount of précipe

coversge, plus type of weather censiders

itstior resnita in & picture of weather intensity. Since all clouds
sre not =11 ogually mpc. sant westher producing elexzentsg, the type

sl amountes wers welghted sccording ic ths follesdng sched
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Thus each si:-heu"‘v synoptic observatinn can be amgsigmed

axe dessube

a weathér vaiue anumber, which aay be referred to as the Fweather

fab.we

Two examples of a typicel synsptic obeervation snd their
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computed Finteger™ follows
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i. 3Dapic Heguiremsnisn
It has Geen sghown in the chapter on Orizin that the deep ’

IR B SRR

B

-

easteriiss in themgelves do not generate.waives. Once s wave hag

B AR B AR B i Sy s B 05 i3 e 3 g

formed, however, it is provabie that deep easteriies are necessary

to maintain 1%, Thus North Atlantic waves nccur mainly in swmmer

BRI

and sarly fall vhen the traies ares most widesprosd,
There were severel ways to verify statisticaliv the above

hypothesis., Firal the comiral pressure of-the ccsanic high was

R

= : teken &s « rough moasure cf the strength of the trades, witk the

i%.

= assuzption that any change shovld tring about a corrssponding
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presgsurs, based on fiftesn vears data (19214-32) ia 31029.3% = in

July, 1027.0 nb in Augusi and 1025.9 mb in Saptesder, The average,

AR

%‘% g; - however, far eight day periods prior to ths sppearance of 2 wave in
:g the Coritbean, 1,8, for the parieds during vhich these waves wore
:ﬁ Crossing Vhe atlantic, wass
. v
- ?;?f,' 107 1 =% 4n July (eix waves®)

2
5
R

2 mb.in Auguat (22 waves) and

= _? 1026,0 mb in séx;éémber (f1fteen waves)

#= §

for %:; -

s |8 Only six out of the forty Zour historicsl waves occurred in
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July. From what was sald s0ove conceraning the frequent oscurrence
of waves in July, it may appesr surprising thet eunch a small per- ]
centags of those eslected from histerical maps were July wavos. The ;
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Thus, in these situations, the central pressure of the high em-
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ceaded the monithly average by 2.1 mb in Juiy, 1.2 gb in Aogust.
and 2.1 md in Ssptember.
An even ustter test of the strongth and depth of the sasterlics

may be odbtained by measuring tha sonzl iunlex ¢f the trade wind area,

Kl

Yor purposes of this study, this index was dcfinsd as the averags

pressure at 30%°F. minus average pressure at 15%H., both toicen in the

!

zone bounded %= the peridians YOOV, and 7O°W. The average pressure

(1

aiong the porsilels was dstermined by resdings taken at the inter-
2ectiong of the parailels with the LOth, 50th, $0%th, and 7Oth mer-
3dians. The area nsed to determine vhe index (Figure 7) was eslectsd
80 as o coimcids -i%.h the mean southern periphery of the subtropical
high sand thug yield the most representative figures for determinling

the strength of the easterly flow ir the iatitudss where waves ore
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moat common, Xor this reason il sppeare preieravie (¢ uss the ‘ndex
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as defined here rather than the subtropical index &g empioyed bty

;

g7 -

(= _Emaﬁe The index was computed deily for the nims monthz of July,
August, nd Sepiember 1936-1938 and for sugvet, September, and

October 194k, altogether twelve months, From She daily figurea,

monthly msans were then computed. In additien, the msan wnlue of
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the iadex was calculated for each four day period prior te ths are

¢ h
Pt Sl .

E‘:; B Tivel of 2 wave in the Caribbean, The results ars showr bslow,
T _

- g i ({eont,.) -
| i aswer 1ies in the fact that owing to the laek of upper 5
R % eir dats only the more intemse waves could be found on the historical
b A

mape, and July waveg are geldom intense,
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average in a1 izstsnces, and by mers than % in nins instmnsec,
These figuree show the ugsfuinecs 0f the indsx, Fowerthalewsw,
it is necessgary to study %the mape fof any unugual fsature that méy
dstract fron the vsaiue of the calculation, For example, ths index
B8y be unroprasentatively low if a hurricans iz lecated nesr the
calculation points on the 30th parailel, or unrepresentatively hi.sh
if on the 15th parallsi, Purthermore the index dses not indicats
vhat ie occurring farther esst in the Atlantic, where the data was

toc spzrse for sccurate computation. Thus a major Wave or tropical

starm mey snproach from the sastern Atlantic aad them recurve zovrth

of the Caritbean irnto = blg trougs, Iz wvhich case the index would

be 10”02

2. Additicnal Requirementg
Carsory inepection of the higtorical mapes ssemed to indicate
that, a5 the time of the formation of & weve near ifrica. a pro-
nounsed high covered the subtropicel easiern Atlantic, thus yisld-
t= south in which the newly formed wave
began to wove, This was further invesiigated by listing all the
ingtances in the fifteen year psriod wiien for three or more cone

PR W PN
woLuLLY

&

days the hign hal broke
Atlantic, sisther by a marked displacemsni to the west or by the

intrusicn of 2 polar depression into the Madeira island ares, There

2w, ., =14 Sep 1526, 22-25 Sep 1937.
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fourteen euch periods znd in each the following twelve maps
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wo1r¢ ingpectoed on the theory that if & wave hal formed ne
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1t would eppear in the Caribdbesn spproxiustsly five $c iwelve deys

IR i

‘g iagter, Only one weve sppeered in these fourteen cases and thig one
g ; was probahly of midv-Ati.mtic-orim.} Thie appears to be fairiy

4 conciusive evidence that wavos do not move wesagtward in the eastern

Atlantic when there is no strong hign in the area just to the west

or northwest of the generating trough, -
? Thig conclusion next led to tho supmk ,.‘ts,a:;z that 1f & pronounced

high 4a essential in the easztern Atlantic when the wevs Iforms, it

A SRy

ghould alzo be present in the central Atlsntic when the wave ig

bt
1

s St omgmnr b ot 2 slrbieaE Lot e Zrda i ki e e AR i i bior s M s Lo B sac b b Bt ostrdtaetiemncn o s brd i na Rzt ibsh bbb il oo

g;.i moving through thias ares. and in the western Atlantic wvhen the wave
= .
- B arrives in the Caridbhesn, In other words, continnsd association of i
3 ; A
%ci—;; the wave with the strong eastcrly flow of the high is nocessary for
fﬁi the maintenance of the wave, Thus the high aiither must extsnd acresas :
8
' %‘5 the entire Atlsptic when ths wave bogingiits movement wegtward, or
| ﬁ Sha hid sl & % * 31 faen el baind +1, : $ £ tto o=
] ;—é: = =2® RIS mucT glZs TIFRTel whatwar) MelIfsRIng D8 maTSRSRT 8 et ESVee
% ' Since single high c2lls extending over the entire Atlantic are &
e
£ rarity, the second alternative should be most coumon,
Ay This was largsly borne out by the data. In thiriesn cases of
. Y %;; the 45 gtudied no gppreciably motion was observed, and in one the high £
S -\ moved first to the northeaut and then wnth"‘shm\r&.u But in the cass ’
i y
¥ | £ -
e LB 3cage in which weve lster occurred was 29 Aug-3 Sep 1929, Cases ik
1 in which wave 314 not oscur were ¥~ Aug 1925, 23-30 Sep 1926, 23 Zepw . :
,@:E % Oct 1928, and 28 Sep-2 Oct 1930, ;
A i 15-2is Jul 1926,
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of the remaining %L waves, theé high moved with a component toward

tke woet in 25 instwos.s {twelve west, ten southwest or wegt-
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southwest, and three northwest or westnoithwest),
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icne esast, two southsest, and '

Only fcur moved
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with & component toward the east,
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one northeast), The remaining two highs dissipated while a new

7
hizh formed {o their west and pushed sonfthward,”
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The following factors are favorable for malntsnance and

BT

: h continued westward movement of weves in the easterlics:
é% &; Strong end deep casterlies. and & high value ¢f the zonal
= index,

b

1o

) An oceanic high with pressure higher them normal,

T

i

120
Z;

c) An elongated high that covers the entire occan or westward
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motion of the high cell situated {o the north of a wave,
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“Examples are 11-17 Aug 1926, 9-21 Jul 1930, 29 Jul=10 Aug
1930, 16-23 Aug 1932, 29 Jul-5 Aug 1933, 1925 Aug 1934, and 5=13
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z Three methode ere comwoniy used in temperate latitudes for
é:é, S forecasting the movement of symoptic sysiems, namely, extrepolation, 1
i - - ) i
z Petterssen's displacement forwulss, and uwes of tho wind component ]
§: perpendicular Vo fronts. A study was made regarding the spplicsbility
b of these three methoda to the waves in the easterlies e the 194l 3
- 3 seasoi. ) +
o 1. Zxtrapolation - £
iy RBecenae of gcarce datz, & forscastsr must ofton extrapclate -
2 wavo positions using an aversge rste of motion, Thie procedure 3
. ghould yleld at least & fairly good firgt approxiretion, There= :
a5 S
Y fore, it is of interest to determine that average rate. Ir the ;
case of the 1344 waveg, the fixes were reliebie snough to give N
the oversll movement to the nearest one or twe m.p.h. The fol~
= = lowing %able ghaws the avarpos. mowimim, and minimm retes of
&, speed of the gixtesn waveg in the Ifoliowing areas: &) the envire
30 Caribbean (Barbedos tc Haevena), b} the esgstera Caribhesn (Barbdedos
&,
B to Ciudad Truiillo), and ¢) the western Ceribbean (Giudad Trujillo
e Bk
P § to Havaus}. y
& e =
Fv»- 1 aa TABLE Y4
o 0
t"‘;’_’” oA Entire Caribbean Eastern Half VWegtern Half
i 4 ]
T :ﬁj w3
RS ™ Aversge speed 15,7 mph (5¢ deys) 16.9 mph- 14,5 mph
. ;gf» Meximum speed 19.5 mph (U days )\,- 22,5 mph 22 mph
. ,3; Minimiz speed 11,5 mph (6.5 days) 8 mph To5 zph
L P
| 'fﬂ‘-«%’é 514
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It was more 4ifficull to obtzin accurais fiice and retes of motion

PP T S % £ o an8 B e ot oo 1Y, [
8&sy of tho daxibuesam, }{gmw’ IT0mM VBOITE2

ey

an aversge of 16.9 mnt tme found, the same as in the castern Carid-
bean, _

¥evss of the earlier pert of the season travelad fastegt wiih
an average of 17,5 B.peh. for July and 17.6 m.p.h. for August,
wvhile September waves had a speed of only il.1 m.p.h, end October
wavesg 13.0 m.py,h. This 1g in accordance with whet hes been stated
in the previous chapter concerning the geascnal variation iz the
strongth of the trades, |

Fiven mors imnoriaal tham she average rate ¢of

8

tion &

1]

[!

s the
change of spesd with $ime, slrce the amount cof change shows how
reliable sxtrspslation forecasts can te, The following large

changss wers noticeds

TABLE 5

Acssleration
10,5 t0 13.5 mePeke Thege were the cxly exsmples noted k1
- when She gpeed iucreassd by more Thad =
Decelersiion
20 to l2 mepche The maximum decelerstic nnied was ~
16 $0 11  m.pehe €54 of the originel speed. :
19.5 tc :&3.5 ﬁopoho :
12 $0 &.5 mepebe
22 to 1?05 mopeho §
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Fven in those cases, the change ig not large from the visws

£ olhour forecaste, mostly becarse the valuss thomselves

o

point

ave smsli. Lebrapolation from past poeiiione using a constant

-

rete of apeed thug shonld be falrly accurats,

Deceloration will be Giscussed in relation to deepening,
but thore is a siaple relation betweer décelsretion end the speed
of ithe easteriy current, evidencad in each of the five 194l cases
1igted above. Whesn the easterlies slacken, the waves alsc slow
@owii. The sglackening occurs mainly when a low center or strong
extratropical trough moves to the north of the wave, Thus &

vave that moves into a region of decreasing easterlies will tend

s
3

"

[
)
3
s

rnlda
G LT o Y-y

. 8nd 2 wave that moveae inte

a region of increasing 2asterlies, willi tend fo accelerate, This

ia borme out even by the mean fiows waves thet move from the

s

to the western Caribbean lose speed, as shcwn in Tebdle

sautheri~ Simashlan ~x it vaundas the wagtara ades nf the snbe
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in contlusicn it may be stated thai:

. a) Mxtrzpolation at conastent gpesd will yield good forecasiing
e
= ¥ remlts, 1f the pregsure gradient north of a wave remeins conetans,
e ® "ﬁ:?’”
Lo g b) Decsisration should b8 forecest 1f a wave moves toward an
-ch % ¥ e’ .
Fogen 3 e
g aves of lightor winde normsl to its troughline,
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g_) Leceleration ghould he forecast if & wave moves toward em

area of higher wirds normal o ite troughline. '

ror e o 6 B seudditette TR s kaki b Al nd

2. ¥ind Component Fsrpendicular fo Wave.

The motion of s wave relative to ths carth cax be divided into

a dynamic component and a iransiatory componeni, Thae lakisr repre-

eauts the speed of the current in which the wave is traveliing, In

T TR

order to.gse to what extent the total speed. of the waves approximazes

P N

%‘j thle tranglatory component, the components of the wind perpendicules

J 1HO T P YDA

to the wave at various levels were computed for fourtesn 194Y4 waves,

¢

A

, " The average msgnitude of this cowponsat was coiained from all the
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i
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stationc in the immediats vicinily of the wmvs. Ino sach cage the

}
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mesasurements were made when the wave was located in the eastern

or central Caribtean, ZBight waves mcved at & rats of eighteen aph

or more, smd the remaining six mecved a$ no more than i%.5 mph. The

average wave pgpeed and wind speed across the wave for the eight fast-

R O TR TRECIRTTY MM PRE IO {2 B E L B, S A

PR moving and the gix glow=moving waves follows
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TASLE 6 ﬁ
bvorags Mean Wind Mean Wind Mean Wind Hean Wind )
aActual at HOG0 £%, at 8000 ft. at LO0OCD £i, at 12000 f£t, b
. Veave
e 3 Speed X
' Fagte . :
Hoving o l
Veves 19.1 mpk  2L.6 nph 19.6 mph 19.4 mph 16.6 mph . H

HERY

-“,_.
¥
o
1o
\
LE

Slow-
Hoving
Waves 1le3 mph  1L.0 mph 13,7 mph 1.6 mph 10.5 mph
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The soeed of both alow and fast moving waves approxzimated the

iR he s rlsteb e tshed

tranziatory ccmponent wery clossly at spoo and 10000 feet, It wmus®
he rompmbered, however, that these are only mean figures, sud in

some individusa) caess, the wind at all levels differed from the

L

Wave gpeed. There wers rour notable exampics of this during 194,
Twice thas davelopment of a low center rendered winds along the
aAntilles chein unrepregsontative, and twice & wave moved considere

- abhly in excesz of the wind at all levals for reasons which are
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On tXs whole, however; ¢he correlation between wave gpeed

A

and $translatssy component lg certainly vreonsunced enough to bde of

A
¥
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"
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practicel uee, The flow perpendicular to the wave scrsss as &
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2oeod indicaticn whether the wave will move faster or alswer than

A

i}

2y
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the aversge., As e firgt aprroximation, one might conclude that

the wind at 5000 and 10PCO feet should be the moat useful fore-

i

RE

casting tool. The problem, however, wes further tested in each

g 4
;

-of the fourteen cases., It appeared that the wind at leas tham
5000 feet was most representative in four cascs, st 5-5000 fest

in two casss, st G-10000 fest in two caser, sbove 10D0O feot in

B T v ———

‘gr‘éiulf?f.h»—» R A »%4}&13

two cases, and ahove 12000 fest in two casec. In two cases any

ievel would have gerved almosi eqQually well, ;;:

Since it was foli that a few specific weves of ons ssason :

night net form s large enough sample to find truly repressntative 2
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gonditisns, resgultent east wind comporents from Sen Juan, P. x,)
and Cayenne, ¥, Gs.,ra.wisze were ochtained for esrh month of the
gnmmer of 1944, Also the resulients Tor eack period prier to

and follovwing passsgs of a wave at these two stations -;“’g‘%ale
cuiated from the t\p ascents immedistely bafore, and the two
ascents immedistely after passasge of the wave trough. ZResultant
egst wind componerts wers slso commuted from Stone's compllation
of upper winds at San Juan obtaired from eighteen years of piloet
balloon cbservations, Since the average sgpeed of =211 19Uk waves
was sbout 15,5 moh, it wzs next determined st vhat level the mean
sast wind component wams nearcst that speed. The reaits ;e? San

TARLE 7 .

Best Best Best ' Best Best
. June July August ~ Sep texber Octover
Level Level Level Leve) Level
Monthly '
Reguitant less than iegs than lazs then
3 Rawins 100008 10000Q¢ 15000 20000° 16000
o A Stone’s
’~- e Monthlr
' Heguizant i -
- rﬁ Winde 9000¢ 120008 7-8000¢  5-6000° kooot
oo % Regultant
} - e Rawine wmusreen iust over 100007 less thar inconslusives
Rl during Vave 5G00% o 50004 provably
il Passage 15000¢ 5000+
I
=3 1
'pﬂi‘ § The Cayenne figures computed were far less vaiuable, with little
5‘":" S varintion of the wind with height all the wsy up to 30800 feet, The
| : b only definite conclusion to be drawn wouid be that the astesying current
I i}‘ is not over 35)000 feet, hardly =2 surpriging result.
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Tho ouly acfinite conclusion %o be drawn is that the lsevsl which
aosroximates the average wave speed clogsst lles somevhere betwssz
UOOO and 15000 feet, If the extremes of October and July-Auzust can
be reconciled at all, ths range narrows to 5)000-12900 feet, It 18
possibie thet the most repregentative level is higher in July and
August, when the trades are strongest, and lower in J::né, October
and late September, Ihe conclusions to he drawn areg |

2._) The levels whose average wind component normal %o moving
waves agrees most nearly with the wave speed are 8000 to 1(3000 faet.
For practicsl use in individusl situations, however, it is Tscome

mended %o make uss of tho mean wizd veolor between 5000 znd 12000

feet pormz) to the wave troughs.

) The wind normal to = weve iz 2 less reiiable forecasting
tool when =zpplied =2lone than is extrapolation; conseguently it
should only be used when no eaccurate past positions are known.

The methol, however, do06s gppear o have some value in con_,junc‘-';ion

with extrapolation, and its use is recommended for qumalitative

purnoeca, 1.2, to determine at least whether a wave will move faster

o7 slower than the averassge,

3. Pevtergsen®s Formuls I

e =1 DAL) = bl-AL)
(L) = 20(0) £ p(-L)

o7 Trouek Dimlacament
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| - ¥here "L® is the unit of length chogen, §
| 3
| ¥L® {5 the preossure tendency, - s
Ap" 1g the pressure. : !
. : 3
Thig formuia is difficult to apply in the tropics becanse :
| 3 of the largs cffect of the diurnal pressurs varistion on the -jg
g three-hourly teadencies. The latter mnet be corrected before o j
2 eommitation ig possidle, To test the formula, the movement of the ; !
£, 1944 waves was calculatsd using &) 2i-hour tendencies ani 1) three-
S .
. - hourly tendencies corrected for the diurnal change for the menth in 2
: 2 queation, The eagtern Caribbhean was the area tested tecause farther
| % east there are no reporting statiodg north of '{°1“’. lat, and farthey '
west wavee ave gemerally wesok, Sampie results of the applicetion = !
= of the formula in twelve cases are shown below = E
. - 3
: |
z TAELE g
e Date Location Computed Speed Compuied Speed Actual :
- of ¥ave from Corrected from 2U-hour  Speed ~
EFY P Three~hourly Tendencica in
5 %, Tendencies ir mph mph
5
L . in mph
1 10 St Credx 2645 2 19
= 10 Jul Mona Pamsage 11.5 i2 i9
= 11 Jul St. Lucia 15 T i9,5
3 ig Jul St. Kitte 22 6 19.5
B 12 Jul Puerto Rico 38 g 16
i% 13 Jul Ciudad Trujillia 2.5 1 13
5 & 16 Jui Antigzaa 52 5 2.
L bR 24 Ja St. lucia 10,5 25.5 18.5
- =i 28 Jul Pasrto Rics e 27 i3
L ARSI et - . - « o~
b s gfz i Aug Antigua 4‘.5_ 9 285
g 15 Aug 2userto Rico 26,5 35 2e
- 4 18 Aug Puerto Rico 18.5 30 19.5
Ml : -
Lerd iy =
e | B b1
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The reeuits of the computations using the 2Uhousr tendency
8o poor. In no case waas the vomputed epeed within even gix mph
of the true speed. Ome difficulty iies in thé fact that most wwes
do not appeer se vory rroncunced troughs in the pressure field,
dnother obstacle is encountered in the gelection of the interval
fL* when using 2Zl=hour tendencies., "L" aust be fairly largs to
aliminate the likelihood of analysis errers. IFurther, if b (-AL)
is to represent the trus tendency behind the trough and the slops
of iue tendency profile, ~iL must be located far enough behind the

trough line g that the preseure is rising quring the entire 2i-

T

itk 2 -~
Y 23C

hour pericd, Ik

o
3

means % ;¥ muet he at least as large & dise

"

two doys. At zuck & disisnce ahesd

e

h
g.

tance as the trougn has wove

¥

of or behind ihs trough, the next wave itrough way be approachsd . so

that the denominator in the formula doeg not really renresent the
curvature of the pressure prolile on the two sides of the {rough,
| The results using corrected thres-hourly toendencies are some~

whal better but nevertheless alss very dizzgppointing, In five of
tha difference betwsen computed szpeed and true
gpeed wae sven greater than that obtalned from 2iheur tendsncies,
and ir only three casen 4id the computed speed differ Irom the
actual speed by four mph or less.

Vny do noet the correcied three-hpuriy teundencies give befter

W TN, T et e ey s v

. RO -

results than the 2U-hour tendenciss?! Firgt, the dianrnal pressure

chenge has not been computed ss yet with sufficicnt aseurscy at
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®ozt Caridbean stations. JYor example, 1t is quastionable wheiher

1
ot

-]

the diurnal mexime and minins fall at exuctly the zame hour every
dsy in the month. Second and wore important, it is doubiful diether
8 gysiem of no stespor pragsure profile than a wave in the easierlies

wiil yield e cignificant pressure chsng® &t any siztion in ae short

I K AT | B B i D e

a #pacé of time ag three nours. For example, a 3.5 mb total fall
ahead 0f & weve would be considered indicative of a strong wave,

If this fall ie digtributed over a two-day period, the mean fall

N oes e S b ) RN ) O . dlb B isad B RN 1 B € seeeidiledbodun

T T L o R T e g L e L T TR G U b e A

s P el

4> i
i svery three hours of the period wuld bs only about 0.2 wb. Darce £
meferg are not read accurately enough to messure 0.2 =b pressure g

changes with gréav ascurasy; thus & mistake of 0.1 =b in reading g

would changs the computed speed by 507 3

These resulis 4o not necesssrily magn thet the formule has l}

1

o appliceiion in the tropics. However, it docs scem fairly cere S l

tein that, whatever the canse of ths fallure, it is definitely not é ﬁ

recommendad at this time. for ues in forecasting the movemeny of ' fi Ha

%: "wavew in the sasteriies, :1 5
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INTENSTFICATION
The probiem of intensificatisn tf wmves in the easterlies is
imporitasnt for the forecasting of the formstion and deepening of
tropical storms in ths western Aflzztic, since many hurriconas
developing thers are derived from such waveg, Formastion of a2
cioessed low on & wave is the wost conclusive evidence of intensific-

ation and for this reason the circumstances attending the develep=

ment sf clszed circulations will bve dilscussed,

i. Zxztratrepical Troughs
The synoptic situations that are favorable for the formation
of a wave vher there was nons before, may also be favorzble for in-
tensification. Since polar troughs have been congidered in this
report as the main zensrating agent, poier trough situaiions were

investigated for deepening. To te an effective agent of inten~

“aification, a trougk must be deep emough to extend into and in-

fluence the traopical ragicens but 20t so deep as to destroy the deep
sasterlies necessary for maintenance ¢f the wave, This statement
is entirely in agreement with that given recently by Riehl snd
Shefer (7).

Evidence in this digcnesion has been derived from a study
of 1) cmases of formation of lows and £) cases of deepening of

existing lowsa
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a) Pormation of lows (Bagtern Caribbean)s In meny instances

whan =
wnBn 8

=

ow emmesred on vwavseg in the Lesser Antiiies i%t was impoe-
gible ts tell from the A¥lantic Gala hevw much Terther esst the low
sctually formed and under what synopitic conditions. But there were
seven exceslient exsmples of waves on the 192L-38 historicsl neps
that initially conteined no clossd circulation but which later do-
valoped & center as they passed under pelar trough in the sasiesn
Garibbeen.l A zipilsr development took place in early part of
October of 19%% when & wave moved into & stationary extrairopical
trough over ths Lsgesr Antilles sud decslersted, A cioged iow

_t_.!nl_'i on .ha'. wavre snd Mved now Whesnrend sn t“.-

[4Y)

formation of lows in thlg srea under the hsading Deceierstion in

& lcer portion of thle chapter,

b) Formation of jows {Wegtorn Caribbean): There were meny
excellent instances when 2 low forwed in the western (aribbean or
Guif of Mexico on & wave as it moved nunder & polar treus'-'-;.,e While
many hurricanes in those areas fora on other types of systems,
the evidence is cornvincing that at leaat 2 good percentase dsvelepe

on the waves, &1l hurricenes snd ghtormes Irom 192i=1938 were studied

whoge pathg were shown by Tannehill (10) as beginning in the western

S e T e g § MR LIRS e Eeth, 0 2 g BRI el g eets SR E R N | e s Ly

1333_5@188 are 7=-9 Aug 1928, 10-1% Sep 1931, 25-2Z Sep 1032, T=12
Sep 1933, and 22-24% Sep 1935.
“Representative cases are 20-25 Aug 1926, 17-21 Jul 1933, end
28 Sep--3 Oct 1937,
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Csriovean, west of 70°Y, or in the Guif of Hexico.
11T,

Lt b such storms,

o
-

There wore

L]

8¢ these, 22 definitely

gy

formed on waves

which 2nfered the ersa from the sast, and fourteen othexr sf;ora-

L
ales mey have formed on waves.” In 2ddition, & number of dis~

T
L

0
b

turbances shown

A

by Tennehill as developing farther eagt. that un~-

)

]
i

qussiionably were derived from waveg

M

N

ir the eagterliss, first

L
5oy

e

developsd closed circulation in thig area.h This evidanse in-

T

sprrg :
LS ’,«!'53'1 B
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dicatés that weves in the sssterlies are not ¢ be over looked
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Sinilearly it iz feasible thst both a wave and & polar trough are

S

R

complementiry in reinforcing each other in ths formestion of triple

peint storms, This possibility was tesied

st ek bR, e AP kS ek o SRRt s 1 WS R A e

further by determining
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Tk e w4 b W it pieanichac 29

21
N bl - 'g
& é} 1) whether a wave was under the influence of a mid-latitude trough 2
h ;ﬁ: t &} 4 7 1as 4 2)  uhath tha 1 A %
23 at the time of closed low formation and 2) shether the low gppsared =
oy T e
- T =
b ?; . Although most’ stormsg that develop in the wesiern Cesribbean occur =
: W M e =L - 3 . © & s s e Lo - am . b
= sarly in the season fSune) and agamin iate in the season (Uct. and Hov.), E
. % thoss forming from waves tended to cccur in mid-season, Thus of the =
?5;‘* geven June storms on the list, nene originated on waves and of the five
K Hovenber storms nore were definitely marked as such slthough three weos 2
B of doubtful origin, This should be expscted bacause of the imown in= -
g frzgusncy of waves in Juns aund November, o
= i E
gy See 12-1G duz 3573 :
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to have formnd on the squatorial front. ZThe ietter factor vas
Gecided melnly on the besls of area of formation, sincs the exact
location of the front was often difficult to determina. The resuit g

from the 35 examples are given in Tudle 9,

TARLE 9

Extratropical No Extratronical Danktful
Trough Trough
Prasent
Formation on
Bquaterial Froat 7 2 i

Fornation not on ]
Equatorial Front 8 0 0

Equatorial Front
formation doubtful 10

m
¥

Fliminzting the doubtful fizures, geveral major fea%'ures atand
cut, In ail cases either e polar trough or the eguatorial front played
a part, Cooperation of one or the other appesrs to bo necessary for

intensificaticn, Action of the squatorial froni alone rarely will

emnse the formation of o storm on a wave {2 cases). The coincidence
of voth & polar trough amd the sgustorial front in the western Caril

bean at the time a wave 1n the easlerlies errives there is favomblg:
for formation (7 cases), However, & weve and a polar trough can also
get along well without the aid of the squatarial front, eince 3ight of
the i7 coenters aot in the doubtful column develeped undar such cire

cumstancea,
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¢) Despening of Loyss & similar test wee malde comcerning the
deepening of tropical storms that already had dovelopsd from waves
ir the easteriies. Wwherever the central pressure wag avallable
with falr accursesy oz; everal succsssive nep periods; it wns noted
whether it deepened =nd whether a polar trough passed over if, Casce
in which the low merely recurved nortihiward ints e trough without

deepening were sxcluded, The regults obtsined ‘wore as follows:

TABLE 10

Wavea Deegening Waves not Deepsning
Bslar Trough
Haved pver Yave 7 s

¥o Trough 2 12

Thus the regulse vorify ihe hyvothesig in nineteer out of

twonly three cases. Oniy four lauslances remaln in dovbi, two where
Nu. )

deepening ccourpd and two whaore 1% did not occur,” Taus a wave or

tropical storm that moves under a trough will usually intensify,
and 1f it dse3 not move under a trough 1% will seldom intensify.

Thess glatistics apply to pro-ezisting closed lows, but simiisx

conclusions should ales apply to the Fformaiion of lowe from waves

2 Cages of lows deepening in troughs inciude 16-18 Sep 1928,
45 Sep 1932 and 27-31 Jul 19%6. No deepening and no trough in
evidence H-8 Aug 1928, 8-<1l2 Aug 1928, 23 Aug 1930, 13 Sep 1931,
11 dug 1932, 27 Jul 1933, 2 Sep 1933, 27 Sep 1933, 23 Jul 1934,
11=1Y Agg 103%) and 2326 Ang 1538, Bzemples of sxeeptions ta the
rule are 16-20 fug 1933 (trough but no deepening) and 20-23 Aug 1927
(deepening but no trough),
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2. Dsceleredlen of Waves

PR AN e P PR

Both in vropical axd eg;i;ratropical regions, lows that do-
eelerate Lrsdusnily streng..uen, and faetameyiﬂv Ss'atsas rarely ine
tengifye. In&aed tropical dieturbances eeem’i,%o confsrm moxTs clossly
te this rule tn'-.an temperste latitude gystems. The theory bchind the

-

rule has never received adequate explanation. In particular, it is

B ke g5 ARATRA v W0

not clear whether the deceleration causes the intensification or vice

versa. Merely the ccincidence of toth is known and the combination
L&

"

[+ ]

seurs with sufficient relisbility in the tropics to be of &eiimu use,

If decelerstion occurs, one should forec«st deepening and vice verss.

The guestion of cange and effect, s

end

i

£ &n

®
It
¥y
3
3
3
3
[ d
&
%
o
»
b

b

&
«

sequence involved, is difficult to anewer,

The converse rule, that fast-moving or accelerating waveg should

b B, |
i $F weaksi, 1i

[
[\ [}

-
2N

o
&

ss cortain validity, Dunn (3) sugeests that

the zsason for such filling may be that a fast-moving wave outruns

f : g 7 b o ROCRIEN
el st er o d a0t o dedRR0L o wrd Codpb i Sl b bdpiltle kB Pl et
il

the rolling back of the dry inversion. EHowever, 1f the rise of the

invergior ig merely the regulit of convection caused by the wave or

‘“Eﬂ!‘
W

storm itself, it 1s difficult to sed wvhy the riss ¢

1

the dry inver—

glon ghould nod siwsys woeve at the same gpesd a. the wave 1tsels,
however rapld thal speed may be,

Deceleration has been treated kere as one independent cause
or effect of sbrengthening while polar ’crougha have heexn iisted as
snother, 3But deceleration vwnquestionably is slso relzated to the

action of troughss The leiter reduce the strength emd depth of the

.69 i
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sastsslies and gubstitute a predositsaisiy meridiongl rathsr then
latitudinal flow. Hence they tend to canze = dscelsration of
wesiwaerd moving systems. For example, burricsnss decslerats just
before recusv ring, and the rocurving almost invariably is directsd
into & polar irough,

The following exmmples tsiken from tvhe 1944 weves bring out
the relatiocnaghip betwaen decelerating, end deepening discussed above,

In a!.d-»July, three waves passsd the Legedr Antilles in ons
six dey period. Zoe Iirst and third moved at rates of 1G snd 21
mph, regpectively, acrosa the Caritbean, a high speed even for July.
Helither formed a tropicnl storm, Bui the gecond hsd 8L GVerege OTGiw
all speed of culy 15 mphke It moved as far as Boringuen Field, P. R.
t 19.5 mph, epprozimetely as fast as the other two, but then it
slewed Gown to onlyl2.5 mph., & gnall tropical low on the wave in-
tensified between -igpaa'z‘lula and the Rahsmas and moved norivhward be=
tween Bermuda and Cape linttersag ac = rather intenss iraplcas sterm.

In late July, & storm gppesrsd on & wavs near Barbadegz, Storx
warnings wore sent out because it appea.red foirly intsnge, Howsver,
the wave mcved st the unugual speed of 1995 mph and accelerated frouw
18.5 o over 19,5 mph. Thus the low wouid be expected o fill, which
it Gid. VYhan the wavs wze within 100 miles of #emaice, & cloged eir-
ecuisticn no ionger could be located.,

n mid-Auguet two inbenss waves crossed the Caridbean less than
threz daye apart, The first one moved very rapidly, with a speed of
22 mph a5 far as Cludal Trujilio ond w.th on sverszge gpeed of 19.5
mh through the whole Caribbean. A low reported in the Legger Antil-

eg never developed but slowly Gissipated degpite the Intend iy of
th-.s wave, The second wave moved more slowly, aversging 17 mph as
far ae Puerto Rico and then siowing to 13,5 mph bayond Portees-
Priance, yleldiag zn average overall speed of 15 mpb.. legs than
sveregge end considarshly leas than the mid-season average. The
closed low which appeared or thig wave in the Antilleg devsioped
at first siowly. After the storm decslerated, however, it inten-
gified and hit Grand Caynan with winés of hurricans iuiensity.
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. 3. Location of Forming Conter '-;:
j Once inteneification is forecesi, ths peoblem remslins to esy ;;
;; in vhat pertlon of the wave the closed low center wlll appesr. Clims= ;,.z
3 sl 2
; Yologicaliy, the mean position of low centers that pass through the §
_:;%* Lesser Antilles sdvancss northwerd during the early past of the %
¥ 4
{: season and rscedes southward again toward the end ",cafa 19) These f;;
;&: nesn pethg, however, inciude storms that formed far %o the esst of g
g the Losger Antiliss end the positiona of centers develeping near :%
;‘E % the island chain do not necessarily follow this seascnel patterr. 5}
f? There is a betier indicator than pure climstology to 2stimate %
l} 3hie position whera the closed low will appesr, Although sufficient :"’E:
Zf_‘;« éxeswples were iacikcing 0 obiain reiiable resuite statistically, the :f«:‘E‘
- =
L g lows s3emed to appesr at the latitude of greatest cyclonic gheasr, %
% i.8. ot the point where the aorih south prezeurs profile shows the ?;;i
= =
%; greatest ourvaturs. (¥ig. ). South of this point the easterlies 2
g_ wili be wesk and tc ite morth stronge In addition, the cycloric 5'3
: é;_ curvature of the iscbars also ig greater there than at any other
% poriion 5f the wave. Thua, if iecchare can be dyewn with reassnabls
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accuracy, thelr spacing wil

the low cemnter will sppear.

%, Oonclusions
s) Deceleration of wavea is accomnanisd, in coneuvrence with

Patterasen®e wnles, by the intonsificsiion while ascoleration is

usuelly, but not necessarily, aececommenied by diesipation,
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: TERMINAFION .
= The problem of forecasting terminstion of a wave may be é
,31' e roma, E
é vigualized &g simpiy the converass of ithat of forscasting mein. :‘g
% tenance, The weve dies ont when the conditions nesded for com= %
£ : - : z
£ tinuanece, mainiwv the strong desp eagterlies, ceéase to exist., What =
L8 v
L =z
E then may cause the desp casterlieg to disappear and prevent a wave =
& . e
& : =
I from bsing maintained in its wegtward coursef z
= e !
= . =
H 1. XNeture of Termination =
E @} Trangformationt One suggestion thst appeare immedistsly is 3
E that the lowering of the bage of the westerlics at the approach of =
: g & strong polar trough causes the terminsilon, This msy seem & 3
2c . . . =
& pevedox, A5 shown in the precsding chapier, a mesting cf & wave k]
z with an extratrepical trough temls to ceuse an intensification of e
i =
E s ]
g the wave and new it iz slso enggestesd that such a meeiings brings e
_’ﬁ:__ Pt '_‘:’f
= 4 .- nbout the procéss of terminaiion. Intemseification and termination, =
- - ‘__%
= however, are not inconsistent or opposite processes. For the type =
{({, s
- é of termination considered ncw is msrely one of loss of identity. 3
=4 _ =
- % Ths wave becomes part of the extratropicsi irough, snd meither ils 3
e e-%? ) :g
Al B4 ares of bal weather mor ite cyclonic circulation nssd to wesicen, o
i - : 3
R, § On the contrary, sush a Jjuncture ususlly ends to reinforce the %
Pag y o2 bad weather arem. In the cases discumeed in the last chepter, b
P - -L:n; =
k=i ‘ =
-y % however, the bsze of the westerlies remained sufficlently high to >
PR el z S
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waie (o retain iis ideatity ani properties,

= in the present instancss the base of the westerlies iowsrad

sufficisntly to alter the rsture of &85

tha

@

The lowering will be

il

sgpecislliy marked if a pronounced iront fellows the itrough intc the

tropics. Such a system msy be congldered ae 8n insupersbls obstecls

AP
b ]

for a wavs in the sasterlicss,

ol

= ol ale
W Aad \oad

Humerous oEZEAples Wers

Y

sefadibst g Sutiorbnblnitidsatim Sath b ITSYE FENIL Wi il

termination cecurred in the manner Just

degerided,

&
s

Riindy

In cartain casés vhen the polar trough iz unususlly intense,

X
L

.
b

Sk

snother fasctor sppears which mey ceuse not merely ithe logs of iden-

b

tity of the wave but a dissipation of the cyclonic circulation asd

i

MR

}

the bad weather accompenylng it especially 4T ¢hs wave contalins &

v s

.
X
1]

clopgedl low center, The cirenlation around the trongh will cause

of

the recurvature oh a clozed center out of ths wave, There is

generally an aves sf subgidencs south of the low, i.e. in the sagt-

Bttt ps

A
tEE

west ridge which separates the tropical levw from the equatorial low,

i

B

Thina the wave trough becomes disconnecied from its icw %o the north

PR NEIG HOS AT

by thiz zsne of gnod weather gnd wegkeng,

i

Generelly it is true that & pular irouvgh deep snd intense erough
ta gmn=s vecurvaiure of the closed low center will also biock %he

wogtward motion of the pareant wave and euveiop it. at lesst 14s

FIEE T PG AR RS TR L

northern portion. At timeg, houwaver. the ha-‘.:uthern extremity of the

were amy continue 4o move westward as am indepéndent entity. Seversl ”%
cenclusive cases were found where the palar trough wes sufficienfly ;,z
wealk or moved eagiward fast enough so thet the southern part of the ;i
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wave did net 3l after its siorm recurved. Inis ook plase mainly

RS L
AT s gy

waen the storm recurved northward rathsr sherply sl ropidly at an
early stage, moetly to the northeast or east of the lLesser Antiiles.
The southern part which continued on its westward course, was wesk
under such circumstances, and there were only rare cassy” wien 1% u

continued as a very proncunced wavé or later reintensified, - i

“fae i gy

A 2

The cquestioxn arises whers one may oxpect to Lind deep troughs
such as might traneform 2 wave, In summer the Bermuda high is strong
- end consequently few troughe norikh of the eastern or centrsl Carile

bean or csatral Atlantic penetrate into the tropics. In the Gulf of

e e ed e mebte e s Aees 1l s e

Mexico snd western Carivbean, however, the mean ficw is nore southerly

than easterly, and seldom more- than & wesk arm of the oceanic high

I PR AT T T SNSRI IS dengs Y g0 S orTa - e

iies north of this szea. Thusz temperate latitude troughe frequently

T N T PP

nepstrate intc this reglon even in summer and cause the gtegnation of C 3

523 AT AN e ga e

weveg in the cagterlies, The data verifiied this coxntention wery

5 slearly. A record was kept as to where &nd how often each of the
3 P : :
' i " 26 most marked waves teken From the historical maps moved undsr 2
% polor trough. (Table 11). The wavos oncountered 30 troughs; eight
; meetings vook plece in centrgl Cuba. six in western Guba‘*, and four
- 5 in the Yupatan Gl:,aszma‘.!.«5 Thus sighteen mestinzs oczurred hetwesn ;
w 1B :
R ~
S ; lFor exsmpls, 1-9 Aug 1235, 22 Sep=3 Uct 1937.
M 200 Sepw3 Oct 1937, Sep 21-24, 192U,
g Rt~ 3For example, 1217 Aug 1924, 7-12 Aug 1930, 312 Jul 1931, 25
N N o Sep-2 Oct 1932, 2431 Aug 1937, and 28 Bep-3 et 1937,
#",v(:% Yor example, 18~25 Aug 1926, 19=25 hug 1925, 2-G Sep 193, 'and
*a* = 13-21 Jul 1933,
o g 21 9¥or example, 13-18 Sep 1925, 5-9 kug 1926, and 22-27 Jul 1936.
S T
.k e |
. "g ! s ;
. ;3 | 1
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90°¥ znd 277V Long. Two more took piace in esstern Cz.zus.g and two

) in the Windwsard Passage.? Tnis result offers good evidence that

rorthern troughs frequently are the cause ¢f termination, &8 an

’_ indication of the fregusmoy of trough cccurrence, it may be noted

“5_

¢ that of the 26 waves, all but two of them moved intc at least one

% trough, and in six caees waves enccuntered two troughse.

;% _‘g} Di as”g‘aﬁioni. &n actvive polar trough is by no ;'neans the only

g . eauge for termination of waves in the e.asterliee. In many ins-

E ; - ]

: %w tancea the wavac loge thelr identity in the broad ary» of southerly

~fy
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winds, divsrgsni iscbars, and flat cast-wost pressure gredient

vest of the Atlentic igh. (Figurs 9). In these situavions full
dissipation takes place, not merely a transformation into a diffarent
type of synoptic system, The cyclonic circulation graduslly dempens
and the stiendant bYed weather erea Gisappears or drifts inte the
westerly belit zs sugzcsted by Rieml (8),

The diesipation most fregusntly oscurz east of the Missiasippi

Q“’;—' i-? ov At A

W e

ersuds high extonds far westward cver

(34
&

B
ths Gulf ccast, or a ssparate high cell exisis in that area, will

»
prepeey

& wavée travel westward all the vwey scroeg the Gulf of Mexics. (Figure
10).
How far west do most waves go defore terminstinz? To obtsin

a guantitative eetimate, the gixteen waves of 1944, to which eix

[
“6-12 Sep 1931 and 25~72 Aug 1932,
-

12416 Aug 1930 and 10-15 Sep 193k,
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fcr this study, were foilowed as far west as they

wore troceshla, Thig was alse done for all the waves from the hige

torisal maps vhish had net deveicped

longitude T5%YW, There wers £0 such waves, The figures below indicate

how Tor weat thege wavs - .ore laat seen,

TARLE 31

distorical Serica 104h ¥aves
¥ona Pagsagd
Ciudad Trufille
Fort-au~Frince
Windward Passage
Zsgtern Cuba
Central Cuba
Western Cuba
Yucatan Channel
Yreatan Penilasula
¥-Hile, Ala,

New Oriesns, La.
Leks Uharles, Las
Erownsville, Texas

N EHGIWNW OO0
VIOFHWO O L£FOH N OV

A seasonsal breakiuwn of the abeve figures showed, as expected, thet

wvaves A0 midessasen gs facthest wegi., In contrasté, none of the four

3

o Q

October and twe June waves of 13Ul weni bYeysnd the Windward Facsage.
The precsding discussion ig not spplicebls $o ths very gouthern
extronities of the waves.

Of the sixtesn principel weves of the sas-

son, twelve could be followed past Curacave There was seldom weather

Syaves going west all the way to the Texas coast on the Following
dates: O=18 Sep 1525, 2w12 Jul 19%1,3Z-30 Aug 1935, 1322 Aug 1344,
17=27 Sep 154l4, Exagples of waves terminaticg vory far sast inclu
the following, all of walch were last found nssr Sivdsd Trujills: 22-
26 Jun 1044, 15=17 Jul 10LU, 1 Jul-2 Aug 19Uk, 26~55 Aug 1SHE, 1%15
Oct 19k, and 16-20 Oct 1944,
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witk weve passsge, vut the windshils and tendency changs esui’ mon-

ful. A caveful examinaticn of the surfacs snd uppser-air data fron
Barranquilla, Colombia, showed thal oznly three of the sixztesn w=ves
definisely passed this sgtation, and even those threes appearsed to ve
very veak, Heasuring intensity by 72-hour precipitation (36 hours -
before and afier passsge), one of them caneed no rain whaﬁaverﬁ

tracel® and the third gave omly .21 inches of raim.il

e maweth swnTow o
Fha~r Hesve U“;' »

In view of this rseult from the Barranquilla data, it is safe to Ge=
sume thet etiil farther to ihe southwest, waves ere 2t les.it ae une
commone 4@ expected, there was no conclusive evidenes of eny of the
wavss in the Panama cam.kne;

¥hnt ig ths explanation for the weakness and ecarcity of waves

ir Colombia and Panasmal Just to the east of Barranauilla lie high.

1ands and mountaine snd one swmit attains an altitude of approximatisly

19,000 feect., WYest of Barranguilla the coast fg oriented nearly northe
asgtegouthwsst, Thoge topocruphic features seem to causs 3 blocking
of the sasieriy flow end produce whaei appears %o Ve & cycionic mddy
west of the mountaing, Thus the following facicrs may be ths sx-

pianatizn 2f vhy so few weveg reach Barranquilla and Penage.

92‘50==ll Jul 19ub,

*Y15+16 Auz 1944, Thie wae one of the strungest wsvss of the
sntiro soason in the Antilles regiong
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2 wave mey diseipate in the highiands to the east,

B
[y

o

eddy may broak up the sas¥erlics nseleé te uointain the wave,

The orientation of the coastiine is vafevweratle for maintenance,

e a2 e Wiy o
2o ELxiteris for Forecasiing Tarmination
. P Teas =7 -~ o B an Bl man man RE B _
} 2snal indsm Sincs he Semmlnation of u.iuu.&b VAOL 18
—
~ & ~ L O N i i U} e 24
s2nge the ecanvergs of maintensnds, the Tirst critsrisn yhick

gested 132211 22 = forecss ing aid wme the zonal indsz. ¥or
present prorviem, the index was computed for the area bounded

65tk and 95th meridians weat and, as before, by the 15th and

parsllels. (Figure 11). Mean vzlues of the index were cgloml

in vae
CLY
he

by the
30th

ated for

Sugust and September 1931, July 1933, and July, August, Septembver sad

October 154li, sever months in ail., In addition, the average

index for

the three~day period when each weve wag nearest the centrsl Jaribuvean

{(709%-75Y%) wa= calculated, The regults sppear belowt

TAHLE 12

July Averase

Jul 1933 Jud. 194
Average for Month 52 567
Three~day Aversge for easch

Wave Digeipating Yar Yest 6.1 svo. 4.2

(New Orleans or Boyond)  5.3) 5.7 .

Wave Digsipsting Rarly 1 :.53 Ave,
1East of Windward Fassage) 0.7} 151

PN ¥ ol e ——

Overall
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5.2
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: Anz 1930 Avg 1944 Overali
¥ - Angnet Avarage

Avarsge for Moanth 6.6 4.7 8,85 :

Three-day Average for sach ) :
Vave Dissipating Far Weot 8.8 6e21 Ave. Te5
(¥ew Orleans or Beyond) 775 6.95

T AERSY S e B T EX L

Thros-dey Averase for sach UL B 2.0 E | ‘
Wave Diszipating Zerly 1! ave, ‘

(Baet of ¥indward Passege) 4.9} U0 ;

Sep 1931 Sep 19uY Overall :
Septembsr Average !
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\
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Average for Month 6.1 4,6 5.05

Three~day Average for sach :,’
¥ave Dissipating Far Weat &,
(Faw Orleans or Beyond} 8

3.8} : 5.8
o 567"%9 S
6.7 5¢3) 49

o F e atervaite s & e

Thrae-day Average for each
Weve Dissipating Early
{Zagt of Windward Fassage)

!
|
l

t
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Oct 13U4 i

Average for Month 6.4 i

. { o " Three-day Avsrage for each 1.1) ]
- Wave Dissipating Berly %S} Avs.

{Eagt or Windward Fassege! 5.2/ 3.7 ‘
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I I for a1l such waTes was higher then the monthly mewn. Similarly, tle '

index wes lower then the monthly meen in sight ecases sut of nine,
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gverage for ull early terminating wavers was lowsr than the montﬁl.y
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Thie is indeed good correlation. Nevs-theless, the index =
L &0 g

i N jod o <

prosch, though umefsl, is not guite as helpful for forecasting ter=

M e e e s o B

o 2 & coon Tt Slam BenE -~ !
T LOTSCHBvALE RBATVOLENLGEs VBALUE was A0US i
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2 tool. the forscasbter assumes thet conditions in the future will ’

v

T e L r T L e PR T NN PR Bl SR P L T B L7 oS I T e g B Pl Al a1

remala much as they are vhen cziculastion is made. If

. long &l =isw, thic ssgumpiion ip juetified. For exsmpls, & sVFOng

mid-Atlantic high raanires considersble time to de broken down by

[PREYT YT,

eastward-moving $roughs, Thus the indéex iz tho eastern Caribdean

o
[ d
L)
&
‘::1
#N
i
4]
1))
. . 2w, s
i v Y R O I RO R AR SIS RN

end Atlantic as a rule changes siowiy. Ovar the western Caridbean

and Gulf of Mexico, however, large highs seidom persist sni thus the

indsxz may change rapidiy from ons day to the next,

b) ¥estward extension of the Bsrmudg Hight Aeie from the zonal

b3 ket b adrian POk dw a4 ARl fcbm e P

index, there pre other ways ic méasurs the strecgih of the eagteriies,
that are useful for forecasting wave dissipation. One sguch measgure,

the wegtward sxtension of the Bermuda high, was applied to the hige 5

torical mama. If an arm of the high extends far west, desp essterlies

ghould prevail over the Gulf, 'The extension ¢f the high wes measnged

Kz

. P
1 Pesemedne O A S
et & 0 I PSS MR Ao SO SOOI ANN MR 3 R P nrd RSN 5

s Wiba g LT J0, DTSR R Tty

by noting vhe point whers ths 1016 mu laobar of ths high crosses the :
ol United Stateg Gulf csast. The farther west this cocurs, the atronger :
= | - suould be the eagtorlies,
g g :
N On the averagze the 1016 isoba crosses the eoast near Lake Charles,
2o . 5. -
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Lz, In ten out of the fifteen cases when & wove Gravelled ass far

L 2 I
west as Pengacole, ¥la., the 1016 isober croseed the coamet at Gelvaston,
Texas, or deyond, at the time the wave was over central Cuias In only

two ous OF twelvs Casth wish & wave digsipated east of Penssensis, did

the i0if isober cross ths coast as far wegs as Galveston, Thus there

i

RS R A

ig 8 definite correleticn beiwcen the point of teraination of a weve
and the sxtension of the Bermads high, Frequent complication of the

pattern dne to the presence of migratory highs north .of the Gulf coast

T
T

accounts for the fact that the corrslation was not entirely satis-

factory. BSuch highas st Vikes produced strong easterlies along the

BT T VT S PRV PRI TTPRRE TRPVIART TN JISt e St e T OO

-t

Guif coast, =ven though the Bermude high waz lacsted entirely over

the oceen, ""’
c) Poeed of waves: It might bs expectsd that fast-moving waves ;

£ diedtadnsis

would go far wesb sincet 1) their gpeed should indicate the pregence

cf'atz’ong--eastarliee, end 2) deceleration, stagnaticn, and transfore

[PUTPPRRIr A
T TS U 1Y S SO i i e M O S 0 5 e ol MRS ottt AP A el XN

mation are necegsarily slow procezses. Froa another staadpoint the

reverse might be expectsd since ii 1g observed ihat decelerating and i

vt

U

slow-moving waves fiogueantly intensify, fzst-moving sr accelsraling

waves might digsipate, A tesi was waic using the waves on the hise

. but nc correlatien, eiiner negative or positive, counld

tarical mona
be found between the time and place of termination and the gpesd of f
the waves, The aversge spead of those waves that went all the way .
ta Texns and those that stagnated or 4issppesred in eastern Cuba or

ispaniole proved tc be very nearly ldentical.
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f._) Qther criteriss Another criterion of dissipation that suggests

1teslf is a comperimn of 2U-houwr prossure temdencies shesd of and
behind the wave. However, two difficulties are immedistely apparent,
spart from what has already been said im the chapler on Digplacemsnt

concerning thie uge of pressure tendencleg.

1} The Siehour tendencies srs 2 tenl of anmlyeis rother than
of forecasting, They show how ths aystem has moved rather than how
it wAll mowe. K’hree.-hourly tendenciesg, if eccurste and fresd from
diurnel congiderations, chould ve most indicative of conditione at
the end of the perioed i',nvolved.

2) fTendancies and tendency coniracts shssd of and behind the
syzﬁgm ars functions of two fac%s;‘a, the intenalty of the systenm
and its rate of msvementi, Tt is impossitle to isolate these two
factors by the uee of pressure tenden;-i,es slone. Comparison of the
tendencies shead end behind & wave al eeveral succeeslve periods shoulld

yield Dbstter reoulis.

84411 another clue valuatle in dissipatlon forecasting ig the
inteneity of ths extratropical lows ==2 Ironts that pass te the north,
¥rat was sald under Origin and Intensificstisn concerning the troughe
associated with such lowg should bs applicable alao in diacipation

Zorecasting. Thug, a deep, alowmoving polar low located south of

7.3

ts
normel summer track tends to bresk down the tropicel easterlies and enw

velope the irspical weves. On the other hand. & weak rapidly-moving

frantal low locehked far norih, with e falely shillow sssociabed toough
g o o,
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1 ig

g and 1ittie meridicnal wind cowponsnt is not likely to trazasform
“ 2 weve to its south or bresk down the wsubiropicel high.
: Corrsct judgment of the Gype of trousgh invelved is o symoptie
%
5 matiter, end not a problem thet lendz itself well io statistical
H - i
b f: N i
= treatmente & qualitetivs sxamination of $the lusiances, however, -
3 Wwien waves weni far vest across the Gulf bears oui the hypothssis, 1
i ¥
H At lcust one polsr trough paszed to the porth of most of thege waves i
v in ths Sulf or western Garibbean, and penetrated into the tropies 2t |
: Fa !
= 2 .- S s % . i .
5 least 4o a2 iimitesd extent, But the troughs were rather wesax, and i
g i 3
& .
E their pareni iows far to ihe norih, shsllow, snd fast-meving, Thus ‘
: L !
H -4 P - : |
¥ 2 thay did not absord the waves, : |
L
& ) - 3
E 30 Effect of Vaves the Rasterlies on Temperate Latitude H !
— Ll
§ Hepther f y.g
3 H |
g - & b z
¥ In following waves across the Gulf of Mexico, it was chserved :
g that the cyclonic curvature of the isobars and the windehift from !
' P
i‘: F _mortheast ¢r 2ast to southeasi, sometimes extended into central : i
£ & ¥ ; g
B — i
& Georgia, Migsissippl, Alabema, and Louieisne, Riehl (8) has noted ; I
o N
b Z £
» s
. g such occurrsnces even farther pmorth, Irrespective of how pronounced H |
7 - E
= k!
“g‘ ig %oe infiuence of wevee on the weather in their northerliy poriions, ;
o £

R S 4 g

S sé they neverthelegs do exigt &ad have a marisd sifect on the winds, 1% :

E S . : E

N I ie doubted yhether most tompsrate latitude forscsgiers fully appreciate i

bem ¥ B :

e :«,51 this fact. In a% least one case the analyet of the Norther;Hemisphere

"% -

A - mepe drew the windghift dus to & wave in the easteriies as & north~ :
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south oriented cold front, south of a westward moving polar froant

wave; then =ftor cbesrving its vesrogression westward for twe msps,

H

o
r h2 dropped it altogether.la i
. Forecasters have citen menticned the pogsibility that waves, X i
% on eatsring the syutherly circulation normally prssent iam the Guif - o
) =
» in summer, swing around the west side of the high, steered by the u
.
‘"1 vindflow and srpeer on the Tnited States Gulf coast orientsi east-

-
L

i3

wosb with & wiadshifv from seubheast to southwest with passags.

R AR 72

A search wae made in the higltoricel maps for evidence of such waves,

but net one could ba found. The explanation for thisg fatlinre is

o gy bk g o
b

ziven by Riehl (8} who showed that the waves may enter with pro-

nounced windshifts in the middle tropesphere, but, due $o low :

-5 =

level compensation, the aurfece lsobaric field will show hardly
any resction, From the historical maps, these upper windshifts,

therefere, could not be inferred,

G VT S 1

The influence of waveg on the temperate latitudes is not ai-

N3
13

4

i

‘ways restricted to the mere norihward exiension of the waves them-

3

Z. selves, Comvincing evidence was found thad the Droscucs of waves ) i
3 may nave a profound influence on the behavior of frontal systems

o .

;:‘;Z,. over the contineni. Three cold fronts were ncted which had moved

3.; into the Gulf or the Bahames and then stagnated with an orientation

&

aore or less esst-wost. As soon ag & wave passed %o the south15 o

T

poten
F o | Bex,
o L o
[r"“"'-"ﬁxm
., PE

ie - o
25 Aug-3 Sep 1932,
13

oy
oI 1

3
i

i

T 7=1C Aug 1926, 13-16 4ug 1930, 6-12 Sep 1944,
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they returned rorthweid as warsm Sronte driven by tuhe sontheast
vindg s the rear of the wavs, On twn ather occeasgisns poiar fromt

waves formed on atationary fronts In ths Gulfl or iz sontheastern
United Steteg Airsciiy ic the north of the apex of a wavae in the

in ihewé instances the northerily component to th

&
/]
34
[t~
'
gl
Q

tropical wave and the goutherly component to ite east epnevently
sxtended far enough northward tc set up & similar circulation across
the froni, hence generating the extratropical wave, Thys forecasbers
on the Gulf mhould watch ¢hs windfisld over the Gulf of Mexico, pre-
peratory to predicting the weather over the southerrn United States
itself, This cen be done by following waves in the easterlies west-
waré i’r;::rn the Atlantic end the Cari‘bbeam, since guch waves are among
the systems that produce marked and rapid changes of the wind direction

sver She Gulf in summer,

4, Conclusicans
Factors fzvorable for early transformation or diesipation of

waves sre the followinz

G
8 Low value of zonal izizz (65 ¥ te 95%%) .
W) Peedominstely sautharly rather than eastarly floyw in Oulf of
Mexico.
-l

71517 Aug 1930, 2430 dug 193%.
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SUMMARY OF CONCLUSICHS
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Chapter I - Orirm

il

T
[
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.3, Ths deep easterlics i themselvee are not sufriclent to form i
waves, Outsids influsnces are sssential for their gensration, i E
£ D, V¥Wawse in the zsasterlies can originste in ths sast ittlantie in % |
£ induced polar troughs exterding squatorward from the Ieelsndie Z s
g 1w, i -
g’; 8, Waves in the easterlies can origimate in mid-Atlantic iz 2 :
g trough that has stagnaied because of the blocking effect of & 3 i
g strong sub-tropicsl high o the east, E =
T = §, VYaves in the eesteriies do not form from polar troughs -hile o i
T E the latter msirtain their identity &s separate and distinct 3
'g; stationsry or eastward moving troughs in the tropics. i
% 5, & position of the eduatorial f£oznt north of its normal position =
S S in the east Atlantic often accompanies g wavs in the easteriies

i

in that region. Although no conclusiva evidence ia offered ths*
thig is 2 msans of origin. the situation offers a goed mesuns of
sarly identificsation,

Chepter 17 - Structure )

B

1. The horiszenial orientation is very nearly perpendicular to the

%x ) mean wind flow between 1000 to 15,000 feet, The usual trough- Zg
% line orientatfion being NNE-SSW, ) §
. ?—i _éx';. : 2. The aversgze glope of the wave is appreximately 1:35,

3.
1k Rataahite ab wibdd 3 Lbikhe o1 AN IR oo

3 Sironz waves are atill well marked at LG.N00 feet. Thers im.
howswar, an intermediate region beitwsen 20,000 and 35,000 feot &
vhere, noticeably wesker. 3
4, The most proncunced windshifis with pasaage occur at 5000 o
VE AAN Pond swud blinem ooadin ncsmiesmd HUA NAA 2o s = E
&JQUW AVWO UV CRIM VAL LA ﬂwu T4 VJ WULAL W“VW LT Ve :;
5. Hoat wares-ars preceded by ah-hour pressure falls of 1-2 mb = {
at the garface and sloeft, wili subgequent rises gi the same
order of meanitude upon Lasasss.
&, Shortly altsr passags, ci-hour Lemperabture riges oocur from .
the surface 1o spproximately 8000 feet with 2U~hour cooling
ebove, Greater Sli=hour cooling thal extends to lower lovels :
follows 12-24% hours after passage, -
g 1
&g )
TR e m—— ]
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7. Defore wuvé pasesge, the’height of the top o
i3 spproximately normel (12,000 fset). Afte
t0 over 18,000 fesy and attazing the pgrzals

aftar passaze,
Chopier I1I - Weather Distribution

i. Yest-moving waves (18 m.p.h.) ere of weak intensity and have
sn spprovingtely symmetrienl dictribution of wesiher about ths
wave vrough.

2.  Moderately moving waves (13 to 18 m.p.h.) are in general more
intense thea fest waves. The bad weather increases afier wave
paseages

3. Slow moving waves { <12 m.p.h.) are preceded by a pronounced
#ons of geod wegthor ovd have mavimum intensity of weather
12 hours afier pansage.

Ka Decelorating waves (whick develop into Sropical storms) ere
the most intense of all types considered and graduelly ap-
proach & nsarly symaetrical distribution of weather aboutb

the wave trough.
Chepter IV = Mair.enance

The following faciors are favorable for meintenance and com=
tinued weatward movement of waveg in the so-4ariiess

1. Strong and deep easterlies, and a high value of the =zgnal
~ index, .

2. &n oceanic high with pressure higher than normel,

3. Absence of temperate latitude systems, whose influcnce extends
into the tropics.

4. An elongated high that covers the entire scean or westward
$on of the high cell situated to the north of a wave.

o 2=
i ©

Chepter ¥ « Dielacement

i. ZExtrapolaticn at constant speed will yield good forscasting
regults 1f the preggure gredient north of the wave remains
stuut constant,

a) Deceleration ghould be forecast if the wave moves toward
an ares of lighter winde (mormsl %o i%e troughline),
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B} Asceleratisn should be forscast if {he wave ssves toward i
an svea of stronger winds (normel %o its troughline).

2o The wind velocity normal to a wavez is a lega reliable fore~
1 when spplisd alone thizn is extrapaletien. If

R e o

latia
PO I..... - - PR
sE6TF o U3 1%, howsver. the mean wind vector

e
2 5.000 end 12,000 feet is recoumended,

%o Commuting displacemsnt by ues of a fcxmuis zinilar ¢o
Pettorssen’s proved unrciiasble,

Chapter VI - Intenasificatisn
1, Dcceieraiion of waves is %ccezpaaivd Ty intousification

vhils accelereiion is usuaily, tu% not necossarily. ac-
companisi &7 aipsipatvisa.

[ e

MﬁnnﬂmI!ll!mn!ﬂtl'lll'-iﬂlm&m,rlﬂmmﬂﬂIl‘ummnm

(s

2. Synoptic fsabures. aucn as poiar troughs, that tend %o
decelerate ymves produce intensgificatlion provided they
are not so deep as to destroy wne easterly circulation

i‘ﬁﬁ;ﬁ;&;ﬁ?ﬁmmg{&ff;-}%[g’@@ﬁmgw}j:g@gg;g@gg‘g;rfsphsz:m«.;z,w heoRs VIHRRYR BRG] 8 M ov e

o

B edisditon da FERSESE TS Y ) DHIBE ki D BTy AL b LA ta bl F L Bt e

= of the tropice.

i’f 3. Cloasd low centers can be expected to form on waves in the

:g,— areas of greatest cyclonic ehaar,
1 ‘.g Chapter VII .. Termination

% i1, Fectorz favorable for early transformation or dissipation o

o5

¢f wevos are the followingt

s war bac
T

Low valus of the zopal index (65°¥ %o 95°V),.

bty

- 23 Feag - -
Z - ») Predominately southerly raitner than easteriy fiow in 3
. Gulf of WHexico.
3
¢} Deep pronounced tTougks or Ifronts in the low latitules

in the zontrel and western Carip}:eana

o, Factors favoreble for movement of wavesg far wast before

g et AFERecthe va kdeadis HBEO URER

. .
A R T e

o dissipation.

v i

.’5:}?':: 2) EHigh gonu! index -~ both of cesterlies and tempsrate
il letituds westsrlies,

solini-

grdi b) Arm of Bermude high extending far weai over nerthe:n
o Gulf of Mexico, with high loucatsd north end west of

90 ‘
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